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CHANGES IN THE INVERTEBRATE FAUNA, APPARENTLY 
ATTRIBUTABLE TO SALINITY CHANGES, IN THE BAYS 





OF CENTRAL TEXAS! 


ROBERT H. PARKER 
Scripps Institution of Oceanography, La Jolla, California 





AssTRACT—Previous studies on the invertebrate fauna of the bays of central Texas 
have been undertaken during periods of very low or highly variable salinity condi- 
tions. From 1948 to 1953 an extended drought with accompanying low river runoff 
caused salinities in these bays to increase to record highs, with little variation be- 
tween maximum and minimum salinities during any particular month. Coincident 
with this extended high salinity period, the biotic communities within the bays 
changed considerably. Not only was there an invasion of many marine or open-Gulf 
species of invertebrates, but also a change was observed in the growth and appear- 
ance of the oyster reefs, one of the principal biotic assemblages. Another probable 
result of increased salinities was the disappearance of low-salinity mollusks which 
—- workers had found to be extremely abundant during the periods of low 
salinity. 

This extended series of hydrographic observations should be useful to the paleo- 





Ww ecologist in interpreting environmental changes in megafossil assemblages. Obser- 
0. 5, is vations of this nature should prove useful in interpreting sedimentary facies, since 
Pr many of the species involved occur as fossils at least as far back as the Pliocene. If 
OA Gal the normal euryhaline fossil assemblages suddenly produce large numbers of high- 
pet. salinity organisms such as sea urchins, corals and open-Gulf mollusks, one could 
Dy. f: assume that there had been drought conditions, with extended high salinities. These 
Oe conditions can also be recognized by abrupt changes in shell structure of the com- 
3,189 mon oyster, Crassostrea virginica (Gmelin), as well as the absence of the known low- 
“and Ri salinity mollusks. 
pi, 
ie INTRODUCTION bays and their fauna. Asa result of the pub- 


Ti 

[Py pew of major papers have been pub- 
ar lished on the biological and hydro- 
z ti graphic aspects of the shallow bays of the 
oe central Texas coast. Few of these studies 
+774 have coincided with the recent drought 
poy conditions, and little information is avail- 
ekg able on the effects of droughts upon these 


t 
t f ‘ ‘Contribution from Scripps Institution of 
Oceanography, new ser., No. 754. This investiga- 
tion was supported by a grant from the American 
Petroleum Institute, Project 51. 








193 


lished work on this region (Galtsoff, 1931; 
Gunter, 1945, 1950a; Collier and Hedgpeth, 
1950; Ladd, 1951; Puffer and Emerson, 
1953; and Hedgpeth, 1953), the relation- 
ships of the faunal composition of the bays 
to the salinity regime have been established 
in general terms. In 1950-53 the author 
made an ecological study of the bays in the 
Rockport area (Fig. 1); this was begun 
as part of the regular oyster survey for 
the Texas Game and Fish Commission 



































Bie? EM 


Ciera 


i! Re OTR aE <r as 


bl eee tees 


See me 

















ROBERT H. PARKER 


194 








te @s “se re —1 Dn c= nS a ok as © weDTDT&® & BO] 2S Ses 2GSo™ S oe 
BESRSSSESZ SEF SSSSLBSSEESS CRSP ES BES SESE ES ESCEM ERR ESOL RES 
Ser sscec 5 2 oD — = Ss ce BOOS 2 ese &F Se SS oO = 2 CT mr n ti ese s > so & 
See SSSeS CREE SSEOSZSSSASSCO SBE OBFESESB8EE SSHssesesseslesses 
‘deur uol1}es0-J—7 “OI 
,0€ 696 00.82 OS .96 ; 
1294 
owt” 
, ee ae 
9¢*€ 210 i ed 
02 OOIxX3M 40 47ND 
82) 























O91K3N 40 4709 


2+ 











SVSNYNUY 





— 


swoen2008— 


[ O31x30 


VAOHV INO 








- , 4330 
p “ ‘viameo ont 
, 





3eN Wane 





* 


au 
waMinw 





AVG OINOLNY NYS wamo7 
> 








GQuvisi 





VOu0ovViVA 






SVX31 ‘'V3¥V LYOdN00" 


NS 


—t* 


Svsnvuv 





GQnwist weasor is 





4M018 S.mATW 





wo *% Z . 
: = wi" 

wa anne qwisvoo¥ 

ef  _-<~+* jews) GuvAems O10 

i AmiOd 

+ awe 

4 


. 
ave 3 


















0S 


00026 


01-26 











Fic. 1—Location map. 
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and continued as part of the field work of 
Project 51, American Petroleum Institute. 
It was observed that the distribution of cer- 
tain marine invertebrates, especially mol- 
lusks and echinoderms, differed from that 
indicated by previous major studies, which 
were undertaken during times of compara- 
tively heavy rainfall. During the author’s 
observations, salinities in the bays were 
much higher than during years of higher 
rainfall and greater stream discharge. 

Salinity data for the years 1948-52 were 
determined by titration by the staff of the 
Marine Laboratory of the Texas Game and 
Fish Commission and by the staff of the 
Department of Oceanography, Texas A. & 
M. College for the American Petroleum 
Institute Project 51. For the period from 
March, 1952, to September, 1953, hydrom- 
eter readings from the U. S. Coast and 
Geodetic Survey tide station at Rockport, 
Texas, were used. The manner in which 
salinity values were obtained in the pub- 
lished data is given in the references cited in 
the captions for the various graphs. 

River discharge data for the years 1936 
to 1951 were obtained from the Surface Wa- 
ter Supply Papers of the U. S. Geological 
Survey. For the period from 1951 to Septem- 
ber, 1953, data were supplied by Mr. S. D. 
Breeding of the Austin, Texas, office of the 
Surface Water Branch of the U. S. Geologi- 
cal Survey. Rainfall data for Victoria, Texas, 
were obtained from the Local Climatological 
Summary of Victoria, published by the U. S. 
Weather Bureau. 

Faunal collections in the area were ob- 
tained by the use of shell and oyster dredges, 
oyster tongs, otter and beam trawls, Navy 
Electronics Laboratory snapper-type grab, 
and orange-peel grab, and by beach collect- 
ing. Over 500 stations were occupied as part 
of this study, and several stations in Aran- 
sas Bay were occupied weekly. The echino- 
derms and corals were identified by Dr. J. 
Wyatt Durham and Mr. Elton Puffer of the 
Museum of Paleontology, University of Cal- 
fornia, Berkeley, and the majority of the 
mollusks by Dr. Thomas E. Pulley, Univer- 
sity of Houston, Texas, and Messrs. Wil- 
liam K. Emerson and Elton Puffer of the 
Museum of Paleontology, University of Cal- 
ifornia, Berkeley. 

This work was made possible by the 


generous assistance of the staff of the 
Marine Laboratory, Rockport, Texas, and 
the staff of the American Petroleum Insti- 
tute Project 51 at Scripps Institution of 
Oceanography at La Jolla, California. For 
invaluable assistance and coédperation, the 
author is particularly grateful to Drs. Joel 
W. Hedgpeth, Francis P. Shepard, Carl L. 
Hubbs, and Robert S. Arthur of Scripps In- 
stitution; Dr. Gordon Gunter and Mr. 
Martin W. Burkenroad of the Institute of 
Marine Science, University of Texas; 
Messrs. F. M. Dougherty and Byron B. 
Baker of the U. S. Navy Hydrographic 
Office, Suitland, Maryland; Messrs. E. D. 
McRae and Dewey W. Miles, formerly of 
the Rockport Marine Laboratory; and 
Messrs. Ernest Simmons, Robert Hof- 
stettor and Howard Lee of the present staff 
of the Marine Laboratory. Sincere apprecia- 
tion is extended to Mr. Cecil Reid, Chief 
Marine Biologist of the Texas Game and 
Fish Commission, and to Mr. J. L. Baugh- 
man, formerly of the Marine Laboratory, 
now of the Copano Research Foundation, 
for the use of their facilities and for data on 
file at the Marine Laboratory. The author 
also extends grateful appreciation to Mr. 
James Moriarty and Miss Majorie Browne 
of Scripps Institution for the preparation of 
the charts and graphs. 


I. SALINITY, RIVER DISCHARGE AND 
RAINFALL RECORDS 


A. Aransas Bay.—According to Collier 
and Hedgpeth (1950), the mean annual 
salinity of Aransas Bay for a ‘‘normal year”’ 
is approximately 19 to 20°/,,. This is further 
emphasized in a mimeographed report by 
Williams and Whitehouse (1952), which 
summarizes the previously published data 
and discusses the chlorinity data of the 
1951-52 field seasons of A.P.I. Project 51. 
Although most of the data published before 
1947 have been reviewed by Williams and 
Whitehouse (1952) and Whitehouse and 
Williams (1953), these summaries do not 
include salinity determinations made during 
the critical years of 1948, 1949, 1950, early 
1951, 1952, and 1953. Hedgpeth (1953), 
however, cites salinity averages by months 
from 1948 through 1951, which were ob- 
tained from the United States Coast and 
Geodetic Survey tide station at the Marine 








196 ROBERT H. PARKER 


Laboratory of Rockport, Texas. Four ever, caused a considerable drop in salin. | mont 
months’ data are missing from these years, ity. salini 
and the accuracy of readings at the tide sta- There has been a partial elimination of — range 


tion is somewhat in doubt. After Septem- the gradients in salinity facies in Aransas value 
ber, 1947, the mean monthly salinities re- Bay as determined by Ladd (1951). The — and 
mained above 20°/,., and they remained differences in salinity between Lydia Ann 10 30' 
above 30°/.. from June, 1950, until Septem- Channel and lower Aransas Bay and thoseof fF the s 
ber, 1952, attaining the very high value of upper Aransas Bay near Carlos Bay and in tweer 
42°/.. in August, 1951 (Fig. 2). Arecord 14- the Copano Strait were 5.6°/,, in November, | very 
inch rainfall in the Rockport areain Septem- 1951, and 2.2°/,, in January, 1952. During there 
ber, 1951, had no great effect on the average Ladd ’s investigation, the difference in salin- mont. 
salinities in Aransas Bay. Somewhat in- ity between opposite ends of Aransas Bay high | 
creased rainfall in the Aransas Bay area and was approximately 12°/,.. i 1946, 
in the San Antonio-Guadalupe River drain- Salinities in Aransas Bay have consist. [| Aram’ 
age basin in late 1952 and early 1953, how- ently risen above 20°/,, during the summer out t 
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months in the past, but the change in 
salinity can best be demonstrated in the 
ranges between maximum and minimum 
values during each month. Between 1926 
and 1947, the salinity has ranged from 10 
to 30°/o0 during most of the months, even in 
the summer. After 1947 the difference be- 
tween maximum and minimum became 
very small at all seasons (Fig. 2), although 
there were very few readings for some 
months. During the months of moderately 
high rainfall in the years 1936, 1941, 1942, 
1946, and 1947, salinity conditions in 
Aransas Bay were highly variable through- 
out the year and appear to be somewhat 
more concentrated in the low range of 
salinities from 5 to 25°/,, (Fig. 2). However, 
during years of drought, in 1948 to 1952, in 
the Rockport Bays, salinities were far less 
variable and were more concentrated in the 
upper range (25 to 40°/..). 

B. San Antonio Bay.—San Antonio Bay 
has also shown a gradual increase in salinity 
since 1950, in spite of heavy discharges from 
the Guadalupe River in June, September 
and October, 1951 (Fig. 2). Galtsoff (1931) 
states that in 1926 salinity values for upper 
San Antonio Bay were in the neighborhood 
of 4to 10°/,. and for lower San Antonio Bay 
from 10to17°/,.. Baker (1950) found salinity 
ranges from 13.1 to 24.4°/,. in lower San 
Antonio Bay in 1950. In 1951, the author 
found salinity values ranging from 20.3 to 
32.1°/.. in lower San Antonio Bay and Mes- 
quite Bay, whereas the A.P.I. field party 
from Scripps Institution obtained salinity 
values of from 23.90 in upper San Antonio 
Bay to 41.42°/,. in lower San Antonio Bay 
in July and August, 1951. These are the 
highest salinities to be recorded from this 
usually low salinity bay. Williams and 
Whitehouse (op. cit.) state that salinities in 
lower San Antonio Bay still ranged from 
27.39 to 31.16°/,,. (converted from chlorin- 
ities) in January and February, 1952, al- 
though upper San Antonio Bay salinity 
values were much lower. Salinities in late 
1953 were still well above the ‘‘normal”’ of 
l0to 17°/,, as suggested for San Antonio Bay 
by Ladd (1951). 

C. Copano Bay.—In the spring and sum- 
mer of 1951, salinities were generally higher 
in Copano Bay than in Aransas Bay. At no 
time during the period from July, 1950, to 
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August, 1951, was a salinity lower than 
32.2°/,. observed in Copano Bay. The 
highest observed salinity was 40°/,,, and the 
mean for that period was about 36°/,, (Fig. 
3). The maximum-minimum range is much 
narrower and the rise more spectacular for 
Copano Bay than in Aransas Bay, as can be 
observed by comparing figures 2 and 3. 
Higher salinities are to be expected in 
shallower Copano Bay in relation to periods 
of reduced rainfall and high evaporation 
over the Copano watershed, as pointed out 
by Collier and Hedgpeth (1950). River run- 
off from Mission River is so slight during 
dry years (as compared to the San Antonio- 
Guadalupe rivers), that practically no 
freshening of this bay can occur. Evapora- 
tion, then, can have a very telling effect up- 
on this shallow enclosed bay. 

D. Redfish Bay.—Redfish Bay, on the west 
side of Aransas Bay and behind Harbor Is- 
land, is nearly landlocked, extremely shal- 
low, and close to the higher salinity waters 
of Aransas Pass; therefore, it is usually sub- 
ject to rather high salinities in the summer. 
In the absence of salinity data for earlier 
years. Little can be said concerning the 
changes in the bay except for the period 
since 1947. According to salinity values ob- 
tained by Hedgpeth (unpublished data), 
Baker (1950), and the author, salinities in 
Redfish Bay ranged from 39.8°/,, at the peak 
of the dry season in 1950 to 21.7°/,,. in the 
winter months of 1949 and 1950. From Octo- 
ber, 1947, to May, 1948, February to April, 
1949, and October, 1949, to June, 1950, sa- 
linities remained below 30°/,,. After June, 
1950, salinities rose above 30 and remained 
above 31°/,, throughout 1950 and 1951. 

E. Mesquite Bay—The maximum and 
minimum salinities for Mesquite Bay are 
shown on figure 4. Although data are scarce 
during so-called wet years, it can be seen 
that in 1926, 1927, 1936, and 1937 salinities 
ranged between 4 and 19°/,,, and from 1947 
to 1950 from 14 to 28°/,,. During these years 
salinities were still essentially those of a low- 
to medium-salinity bay. However, in 1950 
and 1951 salinities were not obtained below 
22°/.., and at one time they ranged to above 
40°/...A record of salinity values obtained by 
Mr. Ernest Simmons of the Marine Labora- 
tory, taken approximately every two hours 
in the center of Cedar Bayou (Table 1), 
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Fic. 3—Comparison oi salinities, water temperatures of Copano Bay, and Mission River stream 
discharge. Salinity and water temperature data for 1936 to 1947 obtained from Collier and Hedg- 


peth (1950). 


shows very little change (not more than 
1.6°/..) in salinity over a three day period. 
Since this period covered at least two com- 
plete astronomical tide cycles, it would ap- 
pear that tides apparently do not bring 
enough Gulf water into Mesquite Bay to 
raise the salinity noticeably. From the above 
data it would appear that Mesquite Bay 
is more affected by river runoff and evapora- 
tion than by influx of Gulf water. 

F. The Gulf of Mexico.—The salinities of 
the coastal fringe of the Gulf of Mexico in 
the vicinity of Port Aransas and Cedar 
Bayou have risen to a slight degree re- 
cently, according to the few data available 
(Fig. 4). Phleger (1951) notes that surface 
salinities taken off Corpus Christi, near 
Aransas Pass, by the Aflantis in 1935, 
ranged from about 31 to 33°/,,. These low 


values were attributed to fresh water runoff 


and occurred simultaneously with the very 
low salinities in the bays. Gunter (1945) 
states that the mean salinity of this coastal 
water is about 32°/,,. Salinity observations 
for the spring and summer of 1951 close to 
shore in the vicinity of Port Aransas indi- 
cated a range of from 36.19 to 39.90°/,., 4 to 
6 parts higher than during the ‘‘wet”’ years 
of 1935 to 1941. 


G. General Considerations of River Dis- | 
charge, Rainfall and Salinity.—In order to | 


determine whether droughts are responsible 
for the increased salinities in the Rockport 
area, all available discharge data for the 
rivers which empty into these bays, as well 
as representative rainfall data from the 
drainage areas, have been plotted with the 
associated salinites and water temperatures. 
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SALINITY AFFECTS ON TEXAS BAY FAUNAS 


TapLE 1—RECORD OF SALINITIES TAKEN AT 

Cepar Bayou FROM 11:45 Aprit 18, To 07:00 

Apri 21, 1950; SUPPLIED By MR. ERNEST 
Smumons, T. G. & F.C. 











Date Hour Salinity °/,, 

50 1145 22.7 
— 1350 22 .6 
1558 22.7 

1745 22.9 

2000 22.9 

4/19/50 0730 22.6 
0900 22.1 

1355 Zt.9 

1455 22.4 

1715 22.9 

2000 22.9 

4/20/50 0730 22.9 
0945 22.8 

1154 22.4 

1350 22.4 

1600 22.3 

1755 22.2 

2020 22.8 

2200 22.9 

2/21/50 0700 23.7 





When there are extended periods of heavy 
runoff from the San Antonio-Guadalupe and 
Mission rivers, as during 1936, 1938, 1941, 
1942, 1946, and early 1947, there is a cor- 
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responding drop in salinities in the bays into 
which they empty for the same years (Figs. 
2 and 3). According to these graphs the ef- 
fect of increased runoff is felt in the bays 
within less than a month, and likewise, as 
soon as the runoff is reduced, salinity values 
rise rather rapidly to the values occurring 
prior to the runoff. The total rainfall by 
months in the drainage areas of the San 
Antonio-Guadalupe rivers is also reflected 
in the total monthly discharge figures of 
these rivers (Fig. 2). 

In order to demonstrate more clearly the 
long term changes in salinity in the Texas 
bays, a graph was prepared showing the 
total yearly river discharge for the San 
Antonio-Guadalupe rivers as compared with 
the yearly average salinities in Aransas Bay 
(Fig. 5). According to this graph those 
periods from 1934 to approximately 1948 
show correspondingly high runoff and low 
salinity. Starting in 1947, river discharge be- 
came less and less (associated with decreased 
rainfall), and the average yearly salinities 
increased from 20 to 35°/,.. Prior to 1947, 
average yearly salinities ranged from 15 to 
20°/... This graph has been expanded to in- 
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Fic. Comparison of salinity data from Mesquite Bay and the Gulf of Mexico. Data for 1926- 
1927 from Galtsoff (1931), for 1936-1947 from Collier and Hedgpeth (1950). 
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Fic. 5—Comparison of total yearly discharge of Guadalupe River with 
average yearly salinity of Aransas Bay, Texas. 


clude monthly mean salinities and monthly 
mean river discharge (Fig. 6) for Aransas 
Bay in order to demonstrate the relation- 
ships between salinity and river discharge 
on a monthly basis. Again it may be ob- 
served that with monthly increases in river 
discharge, salinity decreases are reflected in 
Aransas Bay within a month. The rise in 
salinities from February, 1948, through 1953 
is depicted somewhat more spectacularly 
in the plots of the mean salinities than in 
maximum and minimum salinity graphs, al- 
though the significant narrow range of 
salinity during the drought years is not ap- 
parent. 


II. BIOLOGICAL CONDITIONS 


A. The Change in Salinity in Relation to 
Oyster Reef Conditions.—Previous marine bi- 
ological studies have been made in the cen- 
tral Texas coastal area during periods of 
much lower salinities than have been ob- 


served during 1948 to 1953. The composition 
of the biotic communities has changed con- 
siderably during this high salinity period. 
One organism which appeared to be consid- 
erably affected by the increased salinity was 
the oyster, Crassostrea virginica (Gmelin), 
which is the principal component of the 
extensive shell reefs in this area. The salinity 
increase was briefly noted by Puffer and 
Emerson (1953) and was cited as a possible 
explanation for reduced production of 
oysters in the Texas bays. This mollusk has 
been the most studied organism in the local 
bays, receiving considerable attention from 
Galtsoff (1931, 1942), Gunter (1950a), 
Baughman and Baker (1950), Puffer and 
Emerson (1953), and various investigators 
for the Texas Game and Fish Commission 
throughout the past 50 years. It is generally 
considered that this oyster is best adapted 
to an estuarine environment, with a salinity 


of 12 to 19°/,, (Ladd, 1951 and Gunter, 
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1953), and does not form extensive reefs 
in areas of high salinity. However, Kor- 
ringa (1952) states that experimental evi- 
dence conflicts with field observations, and 
no definite conclusion can be drawn as to 
exact salinity preferences. Amemiya (1926) 
determined in the laboratory the lower and 
upper salinity limits of the developmental 
stages of the American oyster, C. virginica. 
Amemiya found that below 15°/,, and above 
30°/oc, abnormal segmentation of the oyster 
larvae took place, and very few shell-bearing 
larvae were formed. Such developmental ab- 
normalities could very well limit populations 
in waters of either very low or very high 


salinity. 


A change in the growth-rate and meat 
condition of the oyster was noted during the 
period of increased salinity (1950-1952). 
According to Byron B. Baker (personal 
communication) oysters from 1948 to the 
fall of 1950, were thin, flabby and tasteless, 
even when they were not spawning. Glyco- 
gen-content tests by the Texas A. & M. 
Research Foundation (unpublished com- 
munication in the files of the Texas Game 
and Fish Commission), showed a very low 
glycogen content for oysters in Aransas Bay 
during the period of 1948 to 1950. For 
several years, when the salinities were gen- 
erally below 25°/,., no appreciable shell 
growth was observed in oysters larger than 
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Fic. 6—Comparison of monthly mean salinities of Aransas Bay, Texas, with monthly mean 
river discharge of Guadalupe River, Texas. 
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two or three inches. After the salinities had 
risen above 30°/,, a definite change was ob- 
served in most of the oysters. The rate of 
new shell growth increased in old oysters 
(those with very thick but stubby valves). 
In less than two months, many old oysters 
produced new extensions of the valves of 
two or three centimeters in length, and by 
March, 1951, most oysters observed had 
long, highly-colored, crenulated valves of 
new, sharp growth. Many oyster men and 
biologists native to this locality stated that 
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such rapid and long growth had Previously 
never been observed in so short a Period 
Oyster glycogen-content increased fairly 
rapidly, according to tests performed by 
the author. It is generally considered that 
oysters are at their best in Aransas Bay dyr. 
ing the winter months, as intense spawning 
activity saps their vitality whenever water 
temperatures remain above 20°C for any 
length of time (Gunter, 1942). During the 
spring and summer of 1951, most of the 
oysters sampled were of exceptional fatness 
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Fic. 7—Comparison oyster quality (determined by glycogen analysis and other oyster quality tests) 
with water temperature and salinities of Copano Bay, Texas. 
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and quality, even though in spawning condi- 
tion (Fig. 7). A change in oyster appearance 
and quality was again observed during 
January through March, 1952. Instead of 
rapid new growth, as in the previous year, 
most oysters had little new growth, al- 
though they were of continued high quality. 
Oysters were reported to be dying in large 
numbers in Copano Bay during 1952 (R. 

Hoffstettor, personal communication), al- 
though in 1951 Copano Bay oysters were 
larger than previously observed for several 
years. It might be mentioned that with the 
declining salinities of the latter part of 1953, 
oyster production is apparently improving 
in Aransas Bay. 

An indication of a change in the faunal 
composition of the oyster reefs in central 
Texas bays is the presence of large numbers 
of the small oyster, Ostrea equestris Born. 
This oyster is normally found in waters of 
high salinity, and seldom occurs abundantly 
in any of the bays, although it has always 
been present in Lydia Ann Channel and 
Aransas Pass (J. W. Hedgpeth, personal 
communication). Examination of oyster 
spat from Copano Bay in March, 1952, re- 
vealed that almost half of the small oysters 
of from an inch to an inch and a half in 
diameter were adults of Ostrea equestris. 
Samples of spat obtained from Long Reef, 
Tin Can Reef, and other small reefs in 
Aransas Bay were composed of over 50 
per cent O. equestris. This oyster never 
grows very large; but it could supply a shell 
base for the common oyster to set when the 
bays return to lower salinity. Large num- 
bers of O. equestris in old C. virginica reefs 
buried in Recent and possibly Pleistocene 
sediments probably indicate high salinity 
conditions at the time of deposition. 

B. Apparent Faunal Changes in the 
Aransas Bay System.—During the period of 
extended high salinity, many organisms 
were collected in Aransas Bay which had 
never been reported from this area before, 
including some previously considered char- 
acteristic of the Gulf waters. The most unu- 
sual of the “marine invasions” into the 
bays was that by various echinoderms usu- 
ally confined to waters of higher salinity, 
and rare or not hitherto reported in Aransas 
Bay proper. These include large numbers of 
starfish, abundant Luidia clathrata (Say) 
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and rare L. alternata (Say). Other echino- 
derms collected year-round were many sand 
dollars, Mellita quinquesperforata (Leske), 
two species of sea urchins, Arbacia punc- 
tulata (Lamarck) and Lytechinus variegatus 
(Leske), and five species of ophiurans, 
Ophiolepis elegans Liitken, Hemipholis 
elongata Say, Amphiodia limbata (Grube), 
Ophioderma sp., and Ophiothrix sp. Hedg- 
peth (Whitten, Rosene and Hedgpeth, 1950) 
reports two brittle stars, Hemipholis elongata 
and Ophiactis sp., one sand starfish, A stro- 
pecten antillensis Liitken, and the sea 
urchins, Arbacia punctulata and Lytechinus 
variegatus, from the vicinity of Port Aransas 
and Aransas Pass in the open Gulf. In the 
present collections, except for the brittle 
stars which have been found over most of 
the sand-slit-clay bottoms of Aransas Bay, 
parts of Copano, Mesquite and lower San 
Antonio Bays, most of the echinoderms 
have been collected from the northeast end 
of Lydia Ann Channel, near Mud Island, 
and in the southeastern section of Aransas 
Bay. Although the Mud Island area has al- 
ways presented a somewhat different faunal 
appearance from the rest of Aransas Bay, 
the echinoderms mentioned above have not 
been noted in previous publications (which, 
however, did not attempt to catalogue the 
fauna of Aransas Bay) or at least have not 
been observed as year-round residents. 
Large numbers of the sea pansy or sea 
liver, Renilla miilleri Kélliker, and an in- 
creasing number of colonies of whip coral, 
Leptogorgia setacea (Pallas), have also been 
taken during all seasons around Mud Is- 
land, and in the Intracoastal Waterway, 
well up into Aransas Bay as far as Rockport. 
It was observed that strands of whip coral 
in the center of Aransas Bay were smaller 
than those living closer to Gulf waters. 
Those obtained directly off Rockport were 
from two to three inches tall, whereas those 
found near Mud Island and in nearshore 
Gulf waters were two to three feet long. The 
author also found living star coral, A strangia 
astreiformis Milne Edwards and Haime, in 
Aransas Bay as far northeast as the old 
shipyard at Rockport. Many lumps of dead 
coral have also been found in Lydia Ann 
Channel and around Mud Island. Ladd 
(1951) lists this coral as abundant in lower 
Aransas Bay, near the passes into Redfish 
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Bay and Lydia Ann Channel, and his ob- 
servations have been confirmed by Hedgpeth 
(personal communication). A map, figure 8, 
shows the farthest advance of the open Gulf 
organisms. Neither Gunter, Hedgpeth, Reed 
(1941), nor Ladd lists Renilla or Leptogorgia 
as inhabitants of Aransas Bay, or even 
Lydia Ann Channel which is usually more 
saline than the bays. Hedgpeth (personal 
communication) suggests that Renilla may 
have always been present in small numbers 
in Lydia Ann Channel. 

A wide occurrence of tectibranchs, which 
Hedgpeth (Whitten, Rosene, and Hedgpeth, 
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1950) lists as probably Tethys floridensi. 


Pilsbry, was also noted in the spring of 195} 
In 1951, hundreds of these large (4 to 10 
inches long) animals were observed in ajj 
parts of Aransas Bay and Corpus Christi 
Bay. Whether this influx of sea hares can be 
associated with the increase in salinity, orjs 
part of a resurgent population, is a matter 
for speculation. Hedgpeth (1950) and Reed 
(1941) state that they are usually found op 
beaches after storms, but are occasionally 
taken in the bays. ; 

The distribution of two arthropods, 
Penaeus setiferus (Linné) and Callinectes 
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danae Smith, also appears to have changed 
during this high-salinity period, and it may 
or may not have been associated with the 
salinity change. Of the two, P. setiferus, the 
common commerical or white shrimp, has 
shown the greater change. Prior to 1949, 
when the salinity was low, this shrimp 
formed the major portion of the commerical 
net hauls of shrimp in the Texas bays in the 
fall. According to Hildebrand and Gunter 
(1953), however, production of white shrimp 
in Texas fell from 2 to 7 million pounds from 
1949 to 1951. An analysis of otter-trawl 
catches taken by the author during the fall 
of 1951 and spring of 1952 showed that only 
one to five per cent of the total shrimp con- 
sisted of P. setiferus, while juveniles of P. 
astecus Ives and P. duorarum Burkenroad 
comprised the bulk of the shrimp catch. 
Gunter (1950) discussed the seasonal abun- 
dance of all three species of shrimp in detail, 
and emphasized that P. setiferus occurs in 
vast abundance and supports the com- 
merical catch in the fall. Burkenroad (1951) 
states that in the Aransas Bay area the 
sharp decline in the numbers of young white 
shrimp is probably associated with the re- 
cent high salinities. Hildebrand and Gunter 
(1953) indicate that there is a high correla- 
tion between the production of white shrimp 
and the increase or decrease of rainfall. 
Since, as indicated in the discussion of the 
physical-chemical factors, there is a rather 
high degree of association between rainfall, 
runoff and salinity in the Texas bays, it is 
reasonable to assume that salinity has been 
at least partly responsible for the decrease 
in shrimp. Hildebrand and Gunter state that 
the correlation may be either with salinity 
per se or with some unknown factor gov- 
erned by salinity. 

The abundance of Callinectes danae, which 
in the summer of 1951 and spring of 1952 
was far more numerous than in the previous 
year, may also be asssociated with high 
salinity. This crab is commonly known as 
the Gulf crab, and is smaller than the com- 
mon edible blue crab, Callenictes sapidus 
Rathbun. Gunter (1950) compares catches 
of the Gulf crab from Aransas Bay and the 
Gulf of Mexico in 1941 and 1942, and shows 
very few individuals present in Aransas Bay, 
as compared to the large numbers in the 
open Gulf at the same time. Daugherty 


205 


(1952), however, made collections of C. 
danae during the early portions of this pe- 
riod of increased salinity and observed that 
far greater numbers of this crab were pres- 
ent in the bays than previously, and that 
they were present there throughout the 
year. Personal observations during 1950, 
1951, and 1952 also showed an increase in 
numbers of the Gulf Crabs in the bays, al- 
though actual counts were not made from 
month to month. Hauls taken in March, 
1952, contained many more Gulf crabs than 
blue crabs, and at times the Gulf crabs con- 
stituted a major portion of the total trawl] 
catch. 

Considered somewhat unusual for these 
Texas bays was the occurrence of 23 species 
of living mollusks which usually occur in 
waters of high or oceanic salinity and have 
never been reported living in these bays 
before. Because of the large number of 
species of mollusks involved, and the fact 
that many other investigators have dealt 
with their distribution here in the past, a 
table has been prepared comparing the dis- 
tribution of the mollusks during the times 
of high salinity and during the times of low 
salinity (Table 2). The majority of collec- 
tions of mollusks from the Texas bays have 
been made during times of reduced salin- 
ity; therefore, the species of mollusks said 
to be indicative of the bays are quite differ- 
ent from those which are now abundant, al- 
though most of the species found previously 
are still present. However, Rangia cuneata 
(Gray), a low salinity mollusk, has virtually 
disappeared. At the time his collections were 
made in upper San Antonio Bay (1940), 
when the salinities ranged from 4 to 9°/,., 
Ladd collected large numbers of Rangia, of 
which most were living. Burkenroad (per- 
sonal communication) also states that he 
has found large populations of Rangia living 
in this locality during times of very reduced 
salinity. During the summer of 1951 and 
spring of 1952, when salinities were gener- 
ally much higher (11 to 20°/,.), no living 
specimens of Rangia were taken in San 
Antonio Bay although extensive collections 
were made throughout all of the bay. 
Associated with Rangia is the minute gastro- 
pod, Littoridina sphinctostoma Abbott and 
Ladd, which Ladd found alive only in waters 
of very low salinity. In 1940 it was said to be 
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SALINITY AFFECTS ON TEXAS BAY FAUNAS 


quite abundant in upper San Antonio Bay, 
put in 1951, no living examples were found. 
It is not certain, however, whether the liv- 
ing populations of Rangia and Littoridina 
have disappeared as a result of increased 
salinities, or from some other causes. 


III. POSSIBLE PALEOECOLOGICAL 
INTERPRETATIONS 


Observations of the sort noted in this paper 
should be of some value in analyzing the 
environments in which fossil assemblages 
existed during Pleistocene and _ possibly 
Pliocene times. Puffer and Emerson (1953) 
observed that the faunal aggregations pres- 
ent during extended periods of low salinity 
appear to differ from those present during 
periods of high salinity. As they indicated, 
large numbers of Ostrea equestris on top of 
the reefs of Crassostrea virginica indicate 
increased salinities. In fossil assemblages, 
the echinoderms, corals, and the Gulf mol- 
lusks now found living in the bays may 
also constitute valid criteria for recog- 
nizing essentially marine conditions in 
former estuarine waters. Associated with 
these faunal changes indicative of salinity 
change is the Rangia-Littoridina community 
of upper San Antonio Bay which evidently 
disappears under increased salinity condi- 
tions. Whereas Ostrea equestris, marine mol- 
lusks such as Strombus alatus Gmelin, Sinum 
perspectivum Say, Simnia uniplicata Sower- 
by, Tellidora cristata Recluz, and Tellina 
versicolor Dekay, echinoderms, and corals 
indicate high salinities of from 30 to 40°,., 
the Rangia-Littoridina assemblage appears 
to be a good indicator of very low salinities 
of from 3 to 8°/,.. Changes in size of certain 
mollusks also appear to be asssociated with 
prolonged salinity changes. It has been 
noted by Ladd (1951), Mitchell (1894), and 
the author, for example, that Rangia attains 
a far greater size in waters of very low 
salinity, or in almost fresh water, than it does 
in more saline waters. From the center of 
San Antonio Bay to the delta of the Guad- 
alupe River and into the main mouth of 
the Guadalupe in Mission Lake, Rangia be- 
comes progressively larger. This relation- 
ship may exist because the juveniles are 
killed by the more saline water before at- 
taining the normal size attained in nearly 
fresh water. A similar relationship of size to 
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salinity exists in the pelecypod, Mulinia 
lateralis, although the salinity range is far 
greater (from 5 to at least 60°/,.). Examples 
of Mulinia from the hypersaline lagoon, 
Laguna Madre, south Texas, all tend to be 
much smaller than those from the waters of 
more normal salinity further north. 

As previously mentioned, C. virginica 
appears to undergo considerable variation 
in shell shape with extreme variation in 
salinity. A similar change was also noted by 
Hedgpeth (1953 and personal communica- 
tion) in a small oyster reef situated in the 
hypersaline waters of the Laguna Madre 
near Port Isabel, Texas. It is also possible 
that the oysters undergo this change in shell 
shape when the salinity varies intensely in 
either direction. 

It has also been observed by Gunter 
(1938) that the oyster assumes a different 
shape under varying sediment conditions. 
Oysters which become buried under mud 
during rapid sedimentation will grow very 
long and narrow in order to maintain their 
water intake above the surface of the bot- 
tom. If oysters of this shape (commonly 
called ‘‘coon’’ oysters) are found in fossil 
assemblages, it might be assumed that the 
reef had undergone rapid silting. A some- 
what similar phenomenon has been observed 
in Copano Bay during periods of very low 
salinity, when oysters supposedly grew too 
rapidly and formed dense clusters of long 
thin individuals. In the case of the silting of 
oysters, the dense clusters are not formed. 
The dense clustering and elongation of the 
individuals in the cluster may be related to 
food supply, which may become more abun- 
dant at low salinities. It may be noted here 
that the ‘“‘coon”’ oysters differ somewhat in 
appearance from those affected by the pro- 
longed high salinities, in that in the ‘‘coon”’ 
oyster the whole shell is elongated and thin 
rather than only the lips. 


SUMMARY 


1.—Published and unpublished salinity 
values from the bays and open Gulf of 
Mexico of the central Texas coast from 
1922 until 1953 indicate that during the re- 
cent six-year drought the salinities have be- 
come much higher than prior to 1948. Pre- 
vious studies have shown that salinities 
in the bays generally rose above 34°/,, in the 
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summer months, but during most of the 
year ranged from 5 to 25°/,,. From 1948 to 
1953, salinities increased to well over 36°/,., 
and at times above 40°/,,., without any 
appreciable decrease in the winter months. 

2.—Comparisons of the total monthly dis- 
charge from the rivers emptying into these 
bays, with the total monthly rainfall from 
representative areas in the drainage basin 
of the rivers for all years of salinity data, 
indicate that when river discharge and 
associated rainfall were high, the salinities 
were low for corresponding months; and 
conversely, when discharge and rainfall 
were low (as during the last six years) 
salinities were high. 

3—With the increase in salinity, the 
oysters in the Texas bays were observed to 
take on different shell characteristics such 
as thin, sharp, highly colored, and crenu- 
lated valves. 

4.—During low-salinity years, the reefs 
were composed primarily of Crassostrea 
virginica, a typically euryhaline species, 
whereas with the increase in salinities, there 
was a corresponding increase in the number 
of small marine oysters, Ostrea equestris, a 
species characteristic of waters of higher 
salinity. In 1952, it was observed that well 
over half of the spat-size oysters were 
Ostrea equestris. 

5.—During the period of extended high 
salinity in Aransas Bay, many organisms 
were collected which had not been pre- 
viously noted from this area. The organisms 
most indicative of high salinities were the 
echinoderms and coelenterates. Many 
species of gastropods and pelecypods, which 
had been confined to the open Gulf and in- 
lets, were found throughout Aransas and 
Copano bays. There was also a correspond- 
ing decrease and disappearance of low- 
salinity mollusks in San Antonio Bay which 
had formerly been abundant. Whether this 
disappearance of low-salinity mollusks from 
the now high-salinity San Antonio Bay is a 
direct result of salinity increase is also not 
known. 

6.—Penaeus setiferus, the commercial 
white shrimp, virtually disappeared from 
the bays with the increase in salinity, while 
Callinectes danae, a more or less open Gulf 
crab, became extremely abundant in the 
bays. 


7.—Such observations may have some 
significance to the paleoecologist in inter. 
preting environmental changes associated 
with changes in the fossil assemblages, 


REFERENCES 


AMEMIYA, IKUSAKA, 1926, Notes on experiments 
on the early developmental stages of the Por. 
tuguese, American, and English native oysters 
with special reference to the effect of varying 
salinity: Jour. Mar. Bio. Assoc. United King. 
dom, vol. 14, pp. 161-175. 

BakER, Byron B., JR., 1949, Texas Game, Fish 
and Oyster Commission, oyster investigation 
for the fiscal year, 1948-1949: Mimeo. report, 

, 1950, Texas Game, Fish and Oyster Com. 
mission, oyster investigation for the fiscal 
year, 1949-1950: Mimeo. report. 

BAUGHMAN, J. L., and BAKER, Byron B., Jr, 
1950, Oysters in Texas: Texas Game, Fish and 
Oyster Comm., Bull. 29, 38 pp. 

BURKENROAD, MarTIN D., 1951, Some principles 
of marine fishery biology: Inst. Mar. Sci, 
Publ., vol. 2, no. 1, pp. 177-212. 

CoLiieR, ALBERT, and HEpGPETH, JoEL W,, 
1950, An introduction to the hydrography of 
tidal waters of Texas: Inst. Mar. Sci., Publ., 
vol. 1, no. 2, pp. 121-194. 

Cross, J. C., and Parks, HAt B., 1939, A check- 
list of Texas marine Mollusca: Stephen F, 
Austin State Teachers College, Tech. Bull., 
vol. 1, Tech. Rept. no. 2. 

DAUGHERTY, F. M., JR., 1952, Notes on Cal- 
linectes danae Smith in Aransas Bay, Texas, 
and adjacent waters: Texas Jour. Sci., vol. 4, 
pp. 264-267. 

GALtsorF, PAut S., 1931, A survey of oyster bot- 
toms in Texas: Bur. of Fish. Inv. Rept., vol. 6, 
pp. 1-30. 

, 1942, Oyster industry and problems of 
management of public oyster reefs in Texas: 
Typed report in files of Texas Game and Fish 
Commission, Rockport, Texas. 

GuNTER, GorpDon, 1938, Comments on the shape, 
growth and quality of the American oyster: 
Science, vol. 88, pp. 546-547. 

, 1942, Seasonal condition of Texas oysters: 

Texas Acad. Sci., Proc., vol. 25, pp. 89-93. 

, 1945, Studies on marine fishes of Texas: 

Inst. Mar. Sci., Publ., vol. 1, no. 1, pp. 1-190. 

, 1950a, Seasonal population changes and 

distributions as related to salinity of certain 

invertebrates of the Texas coast, including the 
commercial shrimp: Inst. Mar. Sci., Publ., vol. 

1, no. 2, pp. 7-51. 

,1950b, Distribution and abundance of 

fishes on the Aransas National Wildlife Refuge, 

with life-history notes: Inst. Mar. Sci., Publ. 

vol. 1, no. 2, pp. 89-101. 

, 1953, The relationship of the Bonnet Carre 
Spillway to oyster beds in Mississippi Sound 
and the “Louisiana Marsh”’ with a report on 
the 1950 opening: Inst. Mar. Sci., Publ., vol. 
3, no. 1, pp. 17-71. . 

HEDGPETH, JOEL W., 1950, Notes on the marine 
invertebrate fauna of salt flat areas in Aransas 





























Natio 
Sci., | 
aaa, 19 
of the 
ence t 
r ubl., 
HILDEB! 
relatic 
shrim 
Fish. 
KoRRIN' 
biolog 
pp. 33 
Lapp, | 
marin 
specia 
Publ., 
McRaE, 
year, 
Shrim 
Comn 
MILEs, 
fiscal 
Life h 
on ne 
latus: 
Mime 
MITCHE! 
Victor 
PHLEGE! 
ifera, 
Foran 
Mem. 
PUFFER, 
1953, 
reef b 
Paleot 
PULLEY, 
the T 
sas: T 
—, 19 
marin 
vol. 4, 
—, 19 
bivaly 


me 
er- 
ted 


rs, 


ion 


as: 
ish 


pe, 
er: 


TS: 











SALINITY AFFECTS ON TEXAS BAY FAUNAS 


‘ational Wildlife Refuge, Texas: Inst. Mar. 
ae publ., vol. 1, no. 2, pp. 102-119. 

_~ "953, An introduction to the zoogeography 
of the northwestern Gulf of Mexico with refer- 
ence to the invertebrate fauna: Inst. Mar. Sci., 
Publ., vol. 3, no. 1, pp. 111-224. 

HILDEBRAND, H. H., and GunrtER, G., 1953, Cor- 
relation of rainfall with Texas catch of white 
shrimp, Penaeus setiferus (Linnaeus): Amer. 
Fish. Soc., Trans., vol. 85, pp. 151-155. 

KorRINGA, P., 1952, Recent advances in oyster 
biology: Quart. Rev. Biol., vol. 27, pp. 266-308, 
pp. 339-365. ; 

Lapp, Harry S., 1951, Brackish water and 
marine assemblages of the Texas coast with 
special reference to mollusks: Inst. Mar. Sci., 
Publ., vol. 2, no. 1, pp. 125-164. 

\McRag, E. D., 1952, Annual report for the fiscal 

"year, September 1, 1950, to August 31, 1951; 
Shrimp investigation: Texas Game and Fish 
Comm., Mimeo. report. 

Mes, Dewey W., 1951. Annual report for the 
fiscal year September 1, 1949-August 31, 1950; 
Life histories of the spotted sea trout, Cynosci- 
on nebulosus, and the redfish, Scianops ocel- 
latus: Texas Game, Fish and Oyster Comm., 
Mimeo. report. 

MitcHELL, J. D., 1894, List of Texas Mollusca, 
Victoria, Texas: Times Steam Print, vol. 22. 
PHLEGER, FRED B., 1951, Ecology of Foramin- 
ifera, northwest Gulf of Mexico; Part I, 
Foraminifera distribution: Geol. Soc. Amer., 

Mem. 46, pp. i-ix, 1-88, pls. 1-20. 

PurFER, ELTON L., and EMERSON, WILLIAM K., 
1953, The molluscan community of the oyster- 
reef biotope on the central Texas coast: Jour.* 
Paleontology, vol. 27, pp. 536-544, pl. 56. 

PutLEY, THoMAS E., 1949, Shelled mollusks of 
the Texas coast from Galveston to Port Aran- 
sas: Texas Jour. Sci., vol. 1, pp. 62-68. 

—, 1952, An illustrated check list of the 
marine mollusks of Texas: Texas Jour. Sci., 
vol. 4, pp. 167-199, 13 pls. 

—, 1953, A zoogeographic study based on the 
bivalves of the Gulf of Mexico: Unpublished 


211 


doctoral dissertation, Harvard University, pp. 
1-215, 19 pls. 

REED, CLypDE T., 1941, Marine life in Texas 
waters: Texas Acad. Publ. in Nat. Hist., non- 
tech. ser., pp. i-xii, 1-88. 

Simmons, ErNEsT G., 1951, Annual report for the 
fiscal year September 1, 1940-August 31, 1950; 
Fish trap investigations: Texas Game and Fish 
Comm., Mimeo report. 

——, 1952, Annual report for the fiscal year 
September 1, 1950-August 31, 1951; Fish trap 
investigation: Texas Game and Fish Comm., 
Mimeo. report. 

SINGLEY, J. A., 1892, Texas Mollusca: Texas 
Geol. Surv., 4th Ann. Rept., pp. 297-343. 

STRECKER, J. K., 1935, Notes on the zoology of 
— Baylor Bull., vol. 38, no. 3, pp. i-vii, 
1-79. 

UNITED STATES GEOLOGICAL SURVEY. 

Surface water supply of the United States— 
Western Gulf of Mexico basins: Water Supply 
Papers: 808, 1936; 828, 1937; 858, 1938; 878, 
1939; 898, 1940; 928, 1941; 958, 1942: 978, 
1943; 1008, 1944; 1038, 1945; 1058, 1946; 1088, 
1947; 1118, 1948; 1148, 1949; 1178, 1950; 1212, 
1951. 

UNITED STATES WEATHER BuREAU. 

1952, Local climatological summary with com- 
parative data: Victoria, Texas, 4 pp. 

WHITEHOUSE, U. GRANT, AND WILLIAMS, W. T., 
1953, Descriptive physical oceanography of 
San Antonio Bay, Mesquite Bay, and Aransas 
Bay, Texas, and adjacent waters: Texas A. & 
M. College, Department of Oceanography, 
Project 34B Technical Report 1, Mimeo. re- 
port, 21 pp. 

Witten, H. L., Rosene, H. F., AnD HEDGPETH, 
JoEL W., 1950, Invertebrate fauna of the Texas 
coast jetties; a preliminary survey: Inst. Mar. 
Sci., Publ., vol. 1, no. 2, pp. 53-87. 

Wiiuiiams, W. T., AND WHITEHOUSE, U. G., 
1952, Analysis and interpretation of physical 
oceanographic data from the Rockport area: 
American Petroleum Institute, Project 51, 
Fourth Quarterly Report, Appendix IV, pp. 
28-38, Mimeo. report. 








JOURNAL OF PALEONTOLOGY, VOL. 29, No. 2, PP. 212-225, 7 TEXT FIGS., MARCH 1955 


DEVELOPMENT OF UPPER CRETACEOUS FORAMINIFERAL 
FAUNAS IN COLOMBIA 


V. PETTERS 
International Petroleum (Colombia) Ltd., Bogota 





ABSTRACT—A sequence of seven diiferent foraminiferal faunas is recognized. Their 
ages range from Turonian to Maestrichtian. A uniform, moderately deep sea with 
poorly ventilated bottom water is indicated for Turonian and lower Coniacian time. 
During the upper Coniacian, environmental conditions became more diversified 
due to a progressive shallowing of the sea from south to north. Benthonic faunas ap- 
peared at first in the south and spread gradually northward. A reverse faunal mi- 
gration is noticed for the very end of Coniacian time. During the Campanian and 
Maestrichtian four faunal provinces are recognized from north to south: the 
Rancheria (outer neritic towards open sea), the Barco (endemic fauna), the Upper 
Magdalena and the Bogota provinces (landlocked shallow seas). A southwest-run- 
ning threshold is assumed to be responsible for the division between the Upper 
Magdalena and the Bogoté provinces. The Perij4é mountains were not emerged 
from the sea in Upper Cretaceous time, and the present Rancheria and Cesér 
valleys originally formed part of the Maracaibo basin. The Rancheria fauna repre- 
sents a southern outpost of the Gulf Coastal, the Upper Magdalena fauna a north- 
ern outpost of the Peruvian faunas. The Upper Cretaceous seaway which crossed 
through Colombia may have connected the otherwise separated ‘‘Atlantic”’ and 
‘‘Pacific”’ oceans. 








INTRODUCTION countries without much danger of miscor 
relation. But the way they are correlated 
with North American and European stages 
is, in part at least, subject to improvement 
and thus to changes. These two groups of 
names should be kept separate to avoid con- 
fusion. 

Figure 2 illustrates the sequence of the 
Upper Cretaceous microfaunas in various 


4 pew Upper Cretaceous beds of Colombia 
were deposited in a seaway which 
spread from Peru through Ecuador and the 
western and central parts of Colombia into 
Venezuela. 

The present outcrop area in Colombia is 
divided into two belts. These extend from 
ee ee a — ve etd nd parts of the country. Cushman and Hedberg 

. — . recognized some of these divisions in Norte 
coast to the Ecuadorian border (Fig. 1). de Santandér as far back as 1941. The 

Very little is known of the fauna of the sequence is best developed in wells which 
western belt. This paper deals only with the [ternational Petroleum (Colombia) Ltd. 
sequence and areal distribution of the grind in the Aguachica area, in the north- 
Upper Cretaceous microfaunas of the east- orn part of the Middle Magdalena Valley 
ern belt, where an intensive search for oil (locality 10). 
has yielded a wealth of information. The lowest richly foraminiferal level is 

I am indebted to the management of characterized by an abundance of small 
International Petroleum (Colombia) Ltd.  Gjobigerinidae, Guembelina spp., very smal 
for the permission to draw freely on the re-  ByJimina spp., few Globotruncana spp., and 
sults obtained by numerous members of its Radiolaria. It is a facies controlled assem- 
staff and for granting permission to publish blage, and is known to recur in higher {o- 


this paper. raminiferal zones. Its boundaries do not re- 
present time lines. This fauna occurs in the 
TESS ASA CUTLINE lower La Luna formation, where a sequence | 
Zonal names for time units are preferred Of three different ammonite assemblages 
instead of North American or European accompanies it. At the bottom occur the | Fage 
stage names. The zones are units which can lower Turonian (Eagle Ford) genera | chite 
be safely recognized in Colombia and which 1 The numbers refer to the list of localities at 21a, 
can probably be traced into the neighboring _ the end of this paper and on Figure 7. foun 
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spp., Peroniceras spp., Prionocycloceras spp. 
occupies a still higher stratigraphic position 
(localities 9c, 16b, 28b). 

The next higher foraminiferal fauna is 
characterized by the presence of Anomalina 
redmondi Petters. In its lowest occurrences 
it alternates with the above’ men- 
tioned Globigerinella-Guembelina assem- 
blage. Higher in section it is richer and more 
dominant. The bottom of the Anomalina 
redmondi zonule is placed at the lowest 
occurrence of the zone fossil. The bottom 
does not represent a strict time line, since it 
is controlled by a change in environmental 
conditions. The top is placed below the 
lowest occurrence of Marginulina curvisepta 
Cushman and Goudkoff or of Sipho- 
generinoides uhli Petters. The top is con- 
sidered a good time line. The type section is 


selected in Quebrada Gallina (locality 22). 
The fauna occurs there in the upper 165 m. 
of a massive fine-grained sandstone, below a 
thick chert section. The ammonites Barroi- 
siceras  spp., Peroniceras spp., Priono- 
cycloceras spp.?, and Texanites sp., which 
were found a few meters beneath the top of 
the Anomalina redmondi zonule on the 
Baranca Bermeja-San Vicente road, (lo- 
cality 15), establish a Coniacian (lower 
Austin) age. 

The youngest occurrences of Anomalina 
redmondi Petters are accompanied often by 
frequent Bolivina explicata Cushman and 
Hedberg. This level can also be considered 
as the highest portion of the Amnomalina 
redmondi zonule itself. The 14 m. of massive 
sandstone with few interbeds of shale and 
limestone which immediately underly the 
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thick cherts in Quebrada Gallina (locality 
22) contain this fauna. The foraminifera 
which Cushman and Hedberg (1930) de- 
scribed from the glauconitic and phosphatic 
beds at the base of the Colén shale belong to 
the same level. The stratigraphic position of 
this unit indicates that it is of Coniacian 
(lower Austin) age. 

The most prominent marker of the next 
higher foraminiferal fauna is Marginulina 
curvisepta Cushman and Goudkoff. Bottom 
and top of this Marginulina curvisepta zon- 
ule are placed at the first and last occur- 
rence of the zone fossil. It occurs together 
with Marginulinopsis decursecostata Thal- 
mann. There is also another species of 
Marginulina whose early ornamentation is 
the same as that of Marginulina curvisepta 
Cushman and Goudkoff but whose last half 
to three rectilinear chambers are smooth and 
thus similar to conditions found in Margin- 
uina jonesit Reuss. The type section is 
situated between 850 and 1200 m. west of 
the town of Manaure on the road to La Paz 
(locality 2, Department of Magdalena). The 
fauna occurs in a hard thinly bedded and 
partly siliceous glauconitic shale. This zone 
overlies the Bolivina explicata level in the 
northern part of the Middle Magdalena 
valley, but in the Rancheria and Ces4r 
valleys it is either interfingering with or 
directly overlying the Globigerinella-Guem- 
belina assemblage. Since this occurs in con- 
tinuous and uninterrupted sections, it 
proves that the upper part of the Globigeri- 
nella-Guembelina assemblages in the north 
is contemporaneous with the Bolivina ex- 
plicata and Anomalina vedmondi s.s. as- 
semblage from farther south. Peroniceras 
sp., found with Globigerinella sp. and Guem- 
belina sp. slightly above Marginulina curvi- 
septa Cushman and Goudkoff north of Becer- 
ril (locality 5a), establishes a Coniacian 
(lower Austin) age for at least part of the 
Marginulina curvisepta zonule. R. Gandolfi 
notes the Coniacian (lower Austin) age of 
the Globotruncana species of the Marginu- 
lina curvisepta type section, in a paper on 
Colombian globotruncanas (in press in the 
Bull. Amer. Paleontology, 1955). In Cali- 
fornia, Marginulina curvisepta Cushman and 
Goudkoff and Marginulinopsis decurse- 
costata Thalmann (earlier workers united 
them under the name of Marginulina 
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jonest Reuss) are typical for the foraminifer- 
al zones F-1 to G-1 of Goudkoff (1945, p. 
969). P. P. Goudkoff (1945, p. 960) correl- 
ates these zones with the Taylor and Eagle 
Ford of Texas. F. M. Anderson (1943, p. 
185) and O. Bandy (1951, p. 491) assign a 
lower Campanian to Santonian age to them. 
C. D. Redmond considers Marginulina 
jonest Reuss a Coniacian marker (verbal 
communication). 

De Civrieux (1952) described the forami- 
niferal fauna of the Socuy limestone of the 
Maracaibo basin, Venezuela. He does not 
list the above-mentioned Marginulina 
species from the type section, but I know of 
occurrences of them in other localities of the 
Socuy. This fact, together with a compari- 
son of the lithology and of the relative posi- 
tion in the stratigraphic column, strongly 
suggests the inclusion of the Socuy foramini- 
feral fauna in the Marginulina curvisepta 
zonule. De Civrieux (1952, p. 241) assigns 
an upper Campanian (upper Taylor) or 
lower Maestrichtian (lower Navarro) age to 
the Socuy fauna by comparing it statistical- 
ly with Gulf Coastal faunas. He also con- 
siders the possibility of a very condensed 
Santonian (upper Austin) to lower Cam- 
panian (lower Taylor) section in the lower 
portion of the limestone, taking into ac- 
count general geological considerations 
(1952, p. 233). Evidence from Colombia 
is more in accord with this statement of 
De Civrieux on the possibility of an older 
age of part of the Socuy. It would even place 
it still lower in the time scale. The unques- 
tionable major numerical similarity of the 
Socuy fauna with Navarro and Taylor 
faunas could be explained by considering 
that in purely statistical correlation there is 
always some danger of matching faunas 
that represent similar facies but that are 
not necessarily time equivalents. 

The Marginulina curvisepta fauna of 
Colombia occurs in the uppermost La Luna 
formation in the Cesar, Rancheria and 
northern Middle Magdalena valleys. 

An abundance of Siphogenerinoides cre- 
tacea Cushman marks the next higher 
Siphogenerinoides cretacea zone. Its bottom 
is placed where Marginulina curvisepta 
Cushman and Goudkoff and M. decurse- 
costata Thalmann become extinct, its top 
at the highest occurrence of Siphogeneri- 
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noides cretacea Cushman and of S. revoluta 
Stone. Siphogenerinoides uhli Petters, Sporo- 
bulimina perforata Stone, and Sporobulimi- 
nella stainforthi Stone are typical of the lower 
portion of the Siphogenerinoides cretacea 
zone of the Upper Magdalena valley. The 
S. cretacea zone corresponds approximately 
to Cushman and Hedberg’s (1941, p. 77) 
Pullenia cretacea zone from the lower Colén 
formation in the Department of Norte de 
Santandér (locality 13). But Pullenia cre- 
tacea Cushman became extinct slightly 
after Siphogenerinoides cretacea Cushman. 
There is no megafossil evidence of the age 
of this foram zone. Cushman and Hedberg 
(1941, p. 80) assign it a Campanian (Taylor) 
age, which they base on the foraminifera. 

The Siphogenerinoides bramlettei zone is 
the next higher faunal unit. Its base is 
placed at the highest occurrence of Sipho- 
generinoides cretacea Cushman (the lowest 
occurrence of Siphogenerinoides bramlettei 
Cushman and Hedberg is slightly beneath 
the extinction point of S. cretacea Cushman); 
its top is where Siphogenerinoides bram- 
lettei Cushman and Hedberg and S. plum- 
merit (Cushman) become extinct. The zone 
as defined here corresponds fairly well with 
Cushman and Hedberg’s Siphogenerinoides 
bramlettei zone (1941, p. 80). These authors 
(1941, p. 80) correlate it with Navarro 
(Maestrichtian) faunas from the Gulf 
Coast. Their age assignment is confirmed 
by the presence of the ammonites Coahui- 
lites (Austrosphenodiscus) aff. C. orynskii 
Bése, Solenoceras meekanum (Whitfield), 
Sphenodiscus sp. in Quebrada Balsa (local- 
ity 27), Helicoceras navarroense Shumard 
near El Dinde (locality 31), and of Nosto- 
ceras sp., and Solenoceras meekanum (Whit- 
field) in Quebrada Cimarrona (locality 19). 
C. M. B. Caudri (1948 and 1950) describes 
upper Maestrichtian larger foraminifera 
from the Cimarrona formation, which con- 
tains also the S. bramlettei fauna. 

The highest Upper Cretaceous foraminif- 
eral unit was described by Cushman and 
Hedberg (1941, p. 80) under the name of 
Ammobaculites colombianus zone from the 
Mito Juan formation of Norte de Santandér 
(locality 13). It is better to call it a zonule, 
since its upper boundary is facies controlled 
where it is overlain by the unfossiliferous 
bulk of the Catatumbo formation. The 





- 


Maestrichtian (Navarro) age of the Am. 
mobaculites colombianus zonule is estab. 
lished by the presence of Coahuilites sp. 
and Sphenodiscus sp. in the Barco concession 
(Notestein et al., 1944, p. 1185) and of 
Sphenodiscus sp. near Becerril in the Cesi; 
Valley (locality 5b). 


AREAL DISTRIBUTION OF FAUNA, THEIR 
LATERAL VARIATIONS AND FACIES 
ANALYSIS 


The Globigerinella-Guembelina assemblage 
consists mainly of dwarfed pelagic forms. 
It occurs in black to dark shales, limestones 
and cherts which are often finely laminated, 
Fauna and sediments suggest a moderately 
deep, quiet, landlocked sea with rapid 
rhythmic sedimentation. A low oxygen con- 
tent and the presence of H,S in the bottom 
water precluded most forms of benthonic 
life. Conditions for the generation of oil 
were favorable. In fact, these beds are often 
highly bituminous. There are no major 
lateral variations of this fauna known in 
Turonian (Eagle Ford) and lower Coniacian 
(lower Austin) time. A rather uniform sea 
covered the whole eastern belt. 

Environmental conditions became more 
differentiated during later Coniacian (later 
Austin) time (Fig. 3). They lead to the 
development of the shallower marine and 
benthonic Anomalina redmondi fauna, sensu 
stricto, in the Upper (locality 22) and Mid- 
dle Magdalena Valley (locality 15). The 
pontic conditions continued, however, in 
the Cesar and Rancheria valleys, the Barco 
area, and in most of the Eastern Cordillera 
(excepting localities 17 and 25). 

This twofold division of the faunas was 
upheld during Bolivina explicata time. The 
Bolivina explicata level extends from the 
Upper (locality 22) into the Middle Magda- 
lena Valley (localities 8, 10, 11). But shal- 
lowing of the sea was progressing and the 
septic bottom water receded also from the 
Barco area (locality 13) and remained re- 
stricted to the northern part of the country 
and to the Eastern Cordillera only (Fig. 3). 
Typically southern forms, as Siphogenert- 
noides revoluta Stone, appear commonly as 
far north as the northern end of the Middle 
Magdalena Valley (locality 10). They 
mark the most northern extent these south- 
ern forms ever attained. 
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During the following Marginulina curvi- 
septa time, the direction of migration was 
reversed (Fig. 3). The southern forms were 
p'shed back into the middle part of the 
Middle Magdalena Valley (locality 12), and 


types which have their center of develop- 
ment in the Rancheria (Marginulina curvi- 
septa, etc.) occupy the northern part of the 
valley (locality 10). An important, but iso- 
lated, occurrence is found near Cansona in 
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the Department of Bolivar (locality 4). 
The Marginulina curvisepta fauna indicates 
a slight deepening of the sea in the northern 
part of the Middle Magdalena Valley and 
a continued shallowing in the Cesar and 


Rancheria valleys, where now the lag 
septic bottom water disappeared, and with 
it, the Globigerinella-Guembelina assemblage 

The following Siphogenerinoides cretacea 
and Siphogenerinoides bramlettei zones com. 
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prise the time interval in which the once 
twofold faunal division developed into four 
distinct facies provinces. They are from north 
to south (Fig. 4): 


1. The Rancheria facies province 

2. The Barco facies province 

3. The Upper Magdalena facies province 

4. The Bogota facies province. 

Figure 5 shows the main differences of 
the fauna. 


1. Rancheria facies province—lIt is the 
richest in number of species and of speci- 
mens. Pelagic forms slightly outnumber 
benthonic ones. Lagenidae and large Boli- 
wna are prominent. The environment was 
outer neritic, and under strong open sea 
influence. An increase of pelagic forms, etc., 
in the Rancheria Valley suggests that this 


open ocean must have been in a general 
northerly direction. The fauna is typically 
developed in the Rio Molino (locality 1). 
An interesting outpost is on Cerro Pulgas, 
on the Atrato River (locality 14). 

2. Barco facies province-—The fauna de- 
scribed by Cushman and Hedberg, 1941, 
comes from this province. It is poorer in 
species and specimens than that of the 
Rancheria province. Species in common are 
often smaller in the Barco area. The pelagic 
element is much less common. Rotaliidae 
and arenaceous genera dominate. No large 
Bolivina is present. The fauna lived some- 
what higher on the continental shelf. Living 
conditions were less favorable, probably due 
to a more restricted sea. The province ex- 
tends from the Cicuta and Barco areas in 
Norte de Santandér (locality 13) into the 
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southern Cesar (locality 6) and northern 
Middle Magdalena valleys (locality 10). 

3. Upper Magdalena facies province.— 
The number of species in this province is 
only about 20 percent of the total Upper 
Cretaceous fauna known from Colombia; 
but species can occur in great number and 
are of large size. Bulimina spp., Buliminella 
spp., Siphogenerinoides bermudezi Stone, S. 
clarki Cushman and Campell, S. revoluta 
Stone, Sporobulimina perforata Stone, and 
Sporobuliminella stainfortht Stone, are abun- 
dant and typical for this province. Rotalid 
foraminifera are rather scarce. The center 
of development lies around the town of 
Girardot (localities 22, 29b) and south of 
it on the west side of the Upper Magdalena 
Valley. As for environment, see under the 
following Bogota province. 

4. Bogoté facies province—A Bulimina- 
Siphogenerinoides assemblage similar to that 
of the Upper Magdalena province. The 
species of Siphogenerinoides listed from this 
province are present but less common. They 
are outnumbered by floods of Siphogeneri- 
noides ewaldi (Karsten), which is the most 
characteristic foraminifer of the province. 
The assemblage is typical for the plateau 
area of the Eastern Cordillera (localities 20, 
23) and for the east side of the Upper Mag- 
dalena Valley south of the town of Girardot. 
Environment was rather shallow to mod- 
erately deep water. Depth, however, is not 
considered the only controlling factor for the 
development of the Bulimina-Siphogeneri- 
noides assemblage of the two southernmost 
facies provinces. An abundance of speci- 
mens combined with a very reduced number 
of species is often observed where abnormal 
living conditions, as brackish water, etc., 
exterminate the more delicate species, thus 
making room for a richer development of 
the more adaptable forms. Such abnormal 
conditions develop more easily in landlocked 
embayments, and it is assumed that the 
Bulimina-Siphogenerinoides assemblage was 
living in that type of sea. But there is little 
evidence as to what type of abnormal condi- 
tions may have existed. The Bulimina- 
Siphogenerinoides assemblage became best 
developed in cherts and other siliceous rocks, 
and its lateral extension covers approxi- 
mately the area where siliceous shales are 
most abundant. It also coincides with an 


area of numerous phosphatic nodules in the 
rocks. Excess of silica and/or of Phosphatic 
matter may have had, directly or indirectly. 
some relationship to the development of 
the faunas of the Upper Magdalena anq 
Bogota provinces. The silica originally came 
from volcanic activity in the very south of 
the country; the phosphatic matter js 
believed to have been derived from the 
decay of a mature land surface. Silica and 
phosphatic matter are deposited not far 
offshore. This supports the assumption of a 
landlocked sea. Quiet water is required for 
the deposition of chert; this can be added 
as another characteristic of the Campanian 
and Maestrichtian sea in the departments of 
Tolima, Huila, and Cundinamarca. Bui. 
mina is rarely found in sands, and this ac- 
counts for its scarcity in the Bogota province 
as compared with the Upper Magdalena 
province. 

Remnants of these four facies provinces 
can be recognized at the end of the Cre. 
taceous time in lateral variations of the 
Ammobaculites colombianus fauna. Unfossil- 
iferous continental deposits occupy the 
Upper Magdalena Valley; we find brackish 
to shallow marine near-shore deposits in the 
northern part of the Middle Magdalena 
Valley, and in the Barco area, whereas a 
more distinctly shallow marine fauna is 
found in the northern part of the eastern 
belt (Fig. 6). 


PALEOGEOGRAPHIC CONCLUSIONS 


The alignment of the facies provinces in 
the rather narrow. area covered by this 
paper may not necessarily reflect their re- 
gional trends. Within this area, the facies 
provinces are lined up from north to south 
in more or less east-west trends. Scattered 
occurrences in northwestern Colombia 
(localities 4, 7, 14), however, suggest that 
the zones may swing in a_ southwestern 
direction farther west. The two southern- 
most provinces extend in a southwestern 
direction. They are also much more closely 
related to each other than to the Barco 
facies province in the north. 

Transition zones which vary from 70 
to 250 km. in width connect the east-west 
zones. Variations in character of the ocean, 
from deep to shallow, from an open toa 
landlocked sea, are responsible for these 











change 
have b 
howeve 
the Up 
The fa 





the 
atic 
tly, 
: of 
and 


me 
of 
is 
the 
and 
far 
f a 
for 


led 


ian 


eS 
re- 
he 
il- 


IS 


S 











COLOMBIAN CRETACEOUS FORAMINIFERAL FAUNAS 221 









Lago 


de 
Maracatho 














Le 


Yu 


26 


K10 Araucag 


GY 


BUCARAMaNG ag 


Villavicenc:o 


Rio Guaviane 





LEGEND 


SHALLOW MARINE 


BRACKISH TO SHALLOW MARINE [ys 





MAP SHOWING 


ENVIRONMENTAL CONDITIONS DURING 
AMMOBACULITES COLOMBIANUS 











CONTINENTAL YJ (UPPER MAESTRICHTIAN, 
NAVARRO ) TIME 
Kms 0 50 100 150 200 Kms 
—,. 
FIG. 6 


changes in fauna and no major land barriers 
have been assumed between them. There is, 
however, no clear transition zone between 
the Upper Magdalena and Bogota provinces. 
The faunal division is rather sharp, at least 


wherever observed. It occurs along a narrow 
band of uplifts near Villeta and Apulo 
(Department of Cundinamarca), where 
Middle and Lower Cretaceous sediments, 
and farther south near Natagaima (Depart- 





| 
' 
} 








ment of Tolima) where igneous rocks are 
exposed (Fig. 4). Nowhere do Campanian 
and Maestrichtian beds outcrop continuous- 
ly across this trend. They may, however, 
cross it south of Girardot, where a cover of 
Tertiary and Quaternary deposits prevents 
direct observation. The trend must have 
existed as a rather solid threshold (not 
necessarily as a continuous land barrier) 
during late Cretaceous time, hindering a 
closer intermingling of the Upper Magda- 
lena and Bogota faunas. 

The Rancheria and the Barco facies are 
equally developed east and west of the 
Perij4 mountains and of the northern part 
of the eastern Cordillera. The boundary 
between these provinces represents the 
dividing line between an open sea and a 
shallower water environment. It does not 
circle the present day Perijé mountains 
but starts on the Venezuelan side at the 
same latitude as on the Colombian side 
(Fig. 4). The Perijé mountain area was still 
below sea level during Siphogenerinoides 
cretacea (Campaniah-Taylor) and Sipho- 
generinoides bramlettei _(Maestrichtian- 
Navarro) time. The Rancheria and Cesar 
valleys and the Maracaibo basin formed 
originally one structural unit. Farther 
south, brackish and fresh water deposits of 
Maestrichtian (Navarro) age were laid 
down along the western margin of the 
Bucaramanga massif. They suggest at 
least partial uplifting above sea level. 

The Barco facies province contains an 
impoverished assemblage which lacks many 
forms that occur either north or south of it. 
It represents a local development. 

Almost 75 percent of the species of the 
Rancheria facies province are known from 
the Gulf Coastal region of the United States 
and Mexico. The Rancheria province is 
considered a southern outpost of these 
North and Central American faunas. 

On the other hand, many species which 
are typical for the Upper Magdalena and 
Bogota provinces and adjacent transition 
zones were described from Peru by B. 
Stone in 1946 and 1949 (Siphogenerinoides 
bermudezi Stone, S. revoluta Stone, S. 
reticulata Stone, Sporobulimina perforata 
Stone, Sporobuliminella stainforthi Stone, 
etc.). The Magdalena Valley represents 
their northernmost known occurrence. Other 
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Upper Magdalena forms, such as Sipho. | 


generinoides clarki Cushman and Campbell 
and S. whitei Church, are known from Pery 
(Stone, 1946 and verbal communication) and 
from California (Cushman and Campeli 
1936, p. 91; and Church, 1943, p. 180) but 
not from the Gulf Coast. It may be that 
these extensions of “Gulf Coastal” ang 
“Peruvian-Californian”’ foraminiferal faunas 
into Colombia should be interpreted as 
evidence that the seaway which crossed 
through Colombia in upper Senonian time 
connected the otherwise divided Atlantic 
and Pacific Oceans; and that the two faunas 
met, but only partially intermingled in this 
narrow crossroad, pushing each other back 
and forth over short distances but without 
being able to secure a permanent foothold 
in each other’s realm. 


DESCRIPTION OF FOSSIL LOCALITIES 


The numbers of this list refer to the 
numbers of localities used in the text and 
on Figure 7. 


1.—In Rio Molino, 93 km. northeast of town of 
Villanueva (Department of Magdalena), 
Thin-bedded dark limestone with Fagesia 


spp. 
2.—On road to town of La Paz, 850-1200 m. 
west of town of Manaure (Department of 
Magdalena). Thinly bedded gray partly 
glauconitic, partly siliceous foraminiferal. 
shale. 
3.—On trail leading to Cerro Melchor, 1500 m. 
northeast of town of Puerto Laja, east of 
Rio Ces4r (Department of Magdalena). 
Platy fine-grained sandstone with Priono- 
tropis. 
4.—Near town of Cansona (Department of 
Bolivar). Dark-gray greenish glauconitic 
sandstone and shale, foraminiferal. 
5.—(a) On highway, 3800 m. north of town of 
Becerril (Department of Magdalena). 
Silty limestone with Peroniceras sp. 
(b) South of bridge over Rio Tocuycito, 54 
km. south of town of Becerril on high- 
way to town of La Jagua (Department 
of Magdalena). Glauconitic sandstone 
and limestone with Sphenodiscus sp. 
6.—Well Maracas N°. 1, 15 km. N 65° W of town 
of Becerril (Department of Magdalena). 
Gray foraminiferal Colén shale. 
7.—In Arroyo San Miguel, 17 km. south of 
Cienaga de Oro (Department of Cérdoba). 
Gray foraminiferal shale. 
8.—Near farm Argentina in Quebrada El Car- 
men, 6750 m. northwest of Ayacucho (De- 
partment of Magdalena). Glauconitic fo- 
raminiferal shale. 
9.—In Quebrada Aguablanca, 7 km. northwest 
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MAP OF COLOMBIA SHOWING FOSSIL LOCALITIES 
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of town of Montecitos (Department of 

Magdalena). 

a) Calcareous black concretionary shale 
with Fagesia sp., Mammites sp., Metoico- 
ceras sp. 

b) West from above, same lithology with 
Coelopoceras sp. 

c) West from above, same lithology with 
Baculites sp., Barroisiceras spp., Peroni- 
ceras sp., Prionocycloceras sp., Texanites 


sp. 
10.—Wells Totumal, drilled about 16 km. south 
of town of Aguachica (Department of Mag- 
dalena). Gray soft and dark calcareous and 
glauconitic shale, both foraminiferal. Umir 
and La Luna formations. 
11.—Quebrada El Salto, 4 km. northwest of town 
of Montecitos (Department of Magdalena). 
Dark glauconitic foraminiferal shale, top of 
La Luna formation. 
12.—Well Paturia N°. 1, about 15 km. north- 
northeast of town of Puerto Wilches (De- 
partment of Santandér). Gray foraminiferal 
shale. Northernmost known occurrence of 
“Peruvian” Siphogenerinoides species. 
13.—Localities in the State of Trujillo (Vene- 
zuela) and in the Department of Norte de 
Santandér (Colombia) described by Cush- 
man and Hedberg, Contributions Cushman 
Lab. Foram. Res., 1930, vol. 6, pt. 3, p. 64; 
and 1941, vol. 17, pt. 4, p. 81. 
14.—Cerro Pulgas, 7 km. south of town of Sau- 
tata, on east bank of Atrato River (Depart- 
ment of Antioquia). Gray foraminiferal 
shale. 
15.—Baranca Bermeja-San Vicente road (De- 
partment of Santandér). Dark-gray bedded 
hard brittle limestone with numerous thin 
black lenses of chert and with calcareous 
concretions, about 100 m. stratigraphically 
below Umir formation. Fossils: Barroisiceras 
spp., Peroniceras spp., Prionocycloceras spp., 
Texanites sp. 
16.—a) On road to Muzo, 6 km. northwest of 
town of Chiquinquir4 (Department of 
Boyacdé). Dark chert with Coelopoceras 


sp. 

b) On Ubaque-Tuquene road, 5 km. south 
of town of Chiquinquiré (Department of 
Boyaca). Hard shale and siltstone with 
Peroniceras sp. 

17.—Well Tunja N°. 1, 4 km. east of town of 

Tunja (Department of Boyacd). Hard dark 

shale with Anomalina redmondi Petters. 

18.—West of town of Simijaca (Department of 

Cundinamarca). Gray hard chert with 

Fagesia sp., Mammites sp., Neoptychites sp. 

em ony Cimarrona, south of Honda- 
uaduas road (Department of Cundina- 
marca). Brown fine-grained sandstone with 

Nostoceras sp., Solenoceras meekanum (Whit- 

field). 

20.—Tablazo mountain, west of Bogoté (Depart- 
ment of Cundinamarca). Sandstone with 
foraminiferal (Siphogenerinoides bramlettei) 
shale interbeds forming the upper part of 
the cliff. 
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21.—a) On trail between San Antonio and Tena 
35 km. west-northwest of Bogot4 (De. 
partment of Cundinamarca). Concre. 
tionary shale with Fagesia sp. 

b) On trail between San Antonio and Tena 
at crossing with Totuno-Zuiia trail (De. 
partment of Cundinamarca). Dark chert 
with Coelopoceras sp. 

22.—In Quebrada Gallina an eastern tributary of 

Quebrada Doima, 3200 m. southeast of town 

of Doima (Department of Tolima). Forami- 
niferal section in a massive sandstone with 
some limestone and shale interbeds, below 

a chert formation. 

23.—Mountain front along highway between Bo. 

goté and Usaquén (Department of Cundi. 

namarca). Foraminiferal siliceous shale and 
soft sandstone. 

24.—On road Bogot4-Las Mesitas de Colegio, 150 

m. west of Casa Lusitania (Department of 

Cundinamarca). Dark concretionary shale 

with Fagesia sp., Mammiies sp., Neoptychites 


sp. 
25.—Road which leads from the Bogoté-Las 
Mesitas highway to the electric power plant 
below the Tequendama waterfalls (Depart. 
ment of Cundinamarca). Dark shale with 
rare Anomalina redmondi. 
26.—In Quebrada Buitrera, 8 km. northwest of 
town of Apulo (Department of Cundina- 
marca). Gray calcareous foraminiferal shale. 
27.—In Quebrada Balsa, an eastern tributary of 
Quebrada Doima, 3600 m. south-southeast 
of town of Doima (Department of Tolima). 
Well bedded calcareous sandstone with 
Coahuilites (Austrosphenodiscus) aff. C. 
orynskii Bose, Solenoceras meekanum (Whit- 
field), Sphenodiscus sp. 
28.—In Quebrada Angostura, a western fribu- 
tary of the Rio Magdalena, 6} km. north- 
east of town of Cuello (Department of To- 
lima). 
a) Gray to black weli bedded calcareous 
concretionary shale with Coelopoceras sp. 
b) Gray to black well bedded calcareous 
and concretionary shale with fine- 
grained sandstone laminae and Bar- 
roisiceras spp., Peroniceras sp., Texanites 


sp. 
29. Girardot-Narifio road, 3 km. south of Narifio 
(Department of Cundinamarca). 
a) Calcareous shale with Coelopoceras sp. 
b) Foraminiferal sands, sandy shale and 
cherts. Mr. H. Buergl and Miss J. Dumit 
Tobon determined all species found in 
these beds. It is expected that their ex- 
haustive study will be published soon in 
the publication of the Instituto Geolég- 
ico Nacion4l, Bogota. 
30.—Ridge east of town of El Valle (Department 
of Tolima). Limestone bands in dark shale 
with Fagesia sp., Mammites sp., Neoptychites 


sp. 

31.—F Dinde, 3300 m. east of town of El Valle 
(Department of Tolima). Soft bedded sand- 
stone with beds of arenaceous limestone and 
Helicoceras navarroense Shumard. 
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COLOMBIAN CRETACEOUS FORAMINIFERAL FAUNAS 


Only a limited number of fossil localities 
is specifically listed in this paper. Whenever 
possible, specially representative faunas 
were selected which mark also known limits 
of facies provinces. The establishment of 
the foraminiferal zones, of their age, of the 
facies provinces, and of their extension is 
based on material from many more localities 
which cover the entire area outlined on the 


facies Maps. 
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CONODONTS FROM THE HARDING FORMATION (MIDDLE | fs 
ORDOVICIAN) OF COLORADO and th 
WALTER C. SWEET se 
Ohio State University, Columbus, Ohio a 
50 feet 
— upwar 
ABSTRACT—Sixty-three species, representing 24 conodont genera, are described and 
illustrated. A stratigraphic analysis of this fauna, of which Chirognathus is the most 
conspicuous element, indicates that the Harding formation should be correlated a 
with the Glenwood shale of Minnesota, the Icebox and possibly the Roughlock 
formations of the Black Hills of South Dakota, post-Deadwood pre-Bighorn strata 
in the Bighorn Mountains of Wyoming, and at least a portion of the Plattin forma- 
tion of Missouri. 
ITHIN the past hundred years, cono- the University of Missouri for the many 
dont faunas have been described from courtesies shown him during his visit there. — 
Ordovician horizons in many widely sepa- The work was financed in large part by the - 
rated portions of North America and National Science Foundation and _ the _ 
Europe, and data accumulated in these Graduate College of the State University Le 
studies indicate that conodonts have con-_ of Iowa. tT 
siderable value in Ordovician correlation. “ 2. i 
Kirk (1929) first called attention to a cono- Fe ee ere 1 
dont fauna associated with the primitive In typical sections along the east flanks uP 
fish remains noted long ago by Walcott of the Front Range and the Wet Mountains, 7 
(1892) in the Middle Ordovician Harding the Harding formation consists of a se- “a 
i formation of central Colorado, and a por- quence of fine-grained, reddish-brown, pink, ae 
tion of this fauna was described by Branson and _ greenish-white sandstone beds sub- R 
and Mehl in 1933. Although both of these divided into two subequal sandstone mem- 6H 
| studies were preliminary in character, they bers by a slightly silty, finely laminated t 
are fundamental to the more detailed dis- reddish-brown shale (Sweet, 1954). The a 
cussion presented here. formation has an average thickness of about 56 
For the past two years, the writer has 75 feet, and lies unconformably between c 
been engaged in a stratigraphic study of the the Lower Ordovician Manitou dolomite, pone 
Harding and Fremont formations. During and the Fremont dolomite of Upper Ordovi- 
fl this time, it has become increasingly ap- cian age. Although the Harding was named HINSI 
| parent to him that not only is the conodont and first described (Walcott, 1892) from 
: fauna of the Harding more varied than the exposures along the western margin of the 
literature indicates, but also that it is Canon City embayment near Canon City, N 





stratigraphically the most useful portion of Colorado, it is now known to crop out 
the Harding faunal assemblage. In order to rather widely throughout much of central 
study this fauna thoroughly, washed samples Colorado. West of the Front Range and the 
from each bed in the formation at eight Wet Mountains, however, with the single Sidb-he 
localities were prepared and the conodonts exception of a section at Newett, Colorado thick. 
secured from each of them. The resulting (SE}SE} sec. 34, T. 13S., R. 77 W., Chaffee pradat 
collection of more than 1000 identifiable County), where all three members can be bedded 
specimens is referable to 63 species repre- recognized, there is no subdividing shale thickn 
senting 24 genera, and is almost certainly unit, and the Harding is represented by a sees 
representative of the Harding conodont thick-bedded, quartzitic sandstone which fines 
fauna. contains characteristic fish plates. There is | jet 4 
The writer is indebted to Professors W. a thin conglomerate of quartz pebbles ina ites 
M. Furnish and A. K. Miller of the State matrix of fine-grained quartz sand at the - 
University of Iowa for continued help and _ base of the formation and, where the Hard | 44; " 
encouragement during the preparation of ing overlies the cherty dolomite of the of the 
the study, and to Professor M. G. Mehl of | Manitou formation, a considerable propor- 
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ORDOVICIAN CONODONTS FROM COLORADO 


tion of these pebbles is composed of chert 
like that of the Manitou. In the Front Range 
and the Wet Mountains, the basal conglom- 
erate is succeeded by a series of thin-bedded, 
fne-grained, argillaceous sandstones 13 to 
50 feet in thickness. This unit in turn grades 
upward into a bed of finely laminated, red- 


227 


CONODONTS FROM THE HARDING 
FORMATION 


Bulk samples of Harding sandstone and 
shale which have proved to be productive 
of conodonts were collected from seven 
sections in the Front Range and the Wet 
Mountains of east-central Colorado, and 
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Fic. !—Index map of Colorado showing Harding conodont localities. 


dish-brown and green shale, 10 to 40 feet 
thick. Overlying the shale member, and 
gradational with it, is a sequence of thin- 
bedded, shaly sandstone 1 to 30 feet in 
thickness, which is generally separated from 
amore massive sandstone at the top of the 
formation by a bed of shaly siltstone 1 to 11 
feet thick. The massive sandstone varies 
between 3 and 30 feet in thickness. Through- 
out most of the outcrop area there is a 
thin, contorted, waxy, red shale at the top 
of the formation. 


also samples from a section at Newett, 
near the southern end of the Mosquito 
Range in central Colorado, have yielded 
a few specimens. The quartzitic nature of 
the formation in the balance of the outcrop 
area made reduction of samples for a micro- 
fauna impossible. Table 1 summarizes the 
geographic and stratigraphic distribution 
of conodonts within the Harding formation. 
Sections from which conodonts were col- 
lected may be located by reference to figure 
1. 
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TABLE 1. DISTRIBUTION OF HARDING CONODONT GENERA AND SPECIES 
- — 
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AMORPHOGNATHUS Branson & | | | | | | } | M 
Mehl | M 
A. lingualis Sweet, n. sp. R MIX 
A. ramosa (Stauffer) | R C M. 
CHIROGNATHUS Branson & Mehl | NEO 
i C. admiranda Stauffer R R R N. 
: C. aequidentata B. & M. | R OIST 
C. alternata B. & M. c Cc A R R 0. 
C. cultidactyla Sweet, n. sp. R OZAI 
C. deformis B. & M. R 0. 
C. delicatula Stauffer R R as R A 0. 
C. dubia B. & M. R R | R | 0: 
C. duodactyla B. & M. R R R PAL’ 
; C. eucharis Stauffer C R R . R Cc P. 
C. gradata B. & M. R R R PHR 
C. idonea Stauffer | R R R R P. 
i C. maniformis B. & M. | R R POL’ 
; C. monodactyla B. & M. | C R a R R A A R P. 
’ C. multidens B. & M. R R A R P. 
t C. parallela B. & M. | R P. 
C. plana B. & M. | R R P. 
C. tenuidentata Stauffer? R Pd 
C. unguliformis Stauffer | R PRIC 
C. vulgaris B. & M. | R R P.. 
i C. spp. undet. | A R C A A A A A A | R PTIL 
COLEODUS Branson and Mehl | PP 
C. delicatus B. & M. | R R P. 
C. simplex B. & M. | R e R Ps 
CORDYLODUS Pander | SCOL 
C. concinnus B. & M. | A S.l 
C. plattinensis B. & M. | Cc R R A SCY 
' C.sp. ; | R S.s 
| CURTOGNATHUS Branson & Mehl STE 
C. calyculoides B. & M. R 5.4 
C. limitaris B. & M. R S. 4 
CYRTONIODUS Stauffer S.1 
i C. complicatus Stauffer R | SUBC 
DICHOGNATHUS Branson & Mehl a9 
D. brevis B. & M. R 5.3 
' ERISMODUS Branson & Mehl TRIC 
E. abbreviatus B. & M. R R A Mehl 
E. radicans (Hinde) R R T.¢ 
E. simplex B. & M. R R T. j 
E. typus B. & M. R R R R G ie 
LONCHODUS Pander ee 
L. spinuliferus Stauffer R R R R “_ 
| MICROCOELODUS Branson & Mehl C= 
i M. asymmetricus B. & M. R A= 
M. expansus B. & M. R 
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HORIZON AND LOCALITY 
(Numbers refer to 
localities on 

(Fig .1 








CONODONT — 
GENERA AND SPECIES 





M. simplex B. & M. 

M. unicornis? of B. & M. 
MIXOCONUS Sweet, n. gen. 

M. primus Sweet, n. sp. 
NEOCOLEODUS Branson & Mehl 

N. breviconus B. & M. 
QISTODUS Pander 

0. curvatus B. & M. 
OZARKODINA Branson & Mehl 

0. concinna Stauffer 

0. pauperata Stauffer? 


0.? sp. 
PALTODUS Pander 


P. sp. 
PHRAGMODUS Branson & Mehl 
P. primus B. & M. 
POLYCAULODUS Branson & Mehl 
P. bidentatus B. & M. 
P. cornulatus B. & M. 
P, peculiaris B. & M.? 
P. reversus Sweet, n. sp. 
P. tridentatus B. & M. 
PRIONOGNATHUS Pander 
P. ordovicica B. & M. 
PTILOCONUS Sweet, n. name 
P. compressus (B. & M.) 
P, gracilis (B. & M.) 
P. tortus (B. & M.) 
SCOLOPODUS Pander 
S. brevis Sweet, n. sp. 
SCYPHIODUS Stauffer 
S. sp. 
STEREOCONUS Branson & Mehl 
S. gracilis B. & M. 
S. plenus B. & M. 
S. robustus B. & M. 
SUBCORDYLODUS Stauffer 
S. rectilineatus Stauffer 
S. sinuatus Stauffer 
1 eeeeaaaaaaa Branson & 
Me 
T. deformis (Stauffer) 
T. pumila (B. & M.) 
T. recurva (B. & M.) 
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R=1 to 5 identifiable specimens. 
C=5 to 10 identifiable specimens. 


A=more than 10 identifiable specimens. 
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HARDING CONODONT LOCALITIES 


Locality 1—Nearly 70 feet of Harding 
rocks are exposed in the valley of Little 
Fountain Creek about 0.7 miles west of 
U. S. Highway 115 as it passes through 
Deadmans Canyon (about NW3i sec. 10, 
T. 16 S., R. 67 W., El Paso County, Colora- 
do). The shale member is exceptionally 
thick at this locality, and it carries a large 
number of conodonts. 

Locality 2.—Several conodonts were col- 
lected from beds in each of the members 
in a section measured and sampled on the 
backslope of the prominent hogback half 
a mile southwest of Ford’s Mountaindale 
Ranch (NW3SW3 sec. 1, T. 17 S., R. 68 W., 
Fremont County, Colorado) where 80 feet 
of Harding are exposed. Here again, the 
shale member appears to contain the best 
faina. 

i. ocality 3—A few poorly-preserved cono- 
dor:ts were collected from the top of the 90 
feet of Harding exposed above and west of 
the southernmost tunnel on the Phantom 
Canyon road (SE sec. 32, T. 17 S., R. 69 
W., Fremont County, Colorado). 

Locality 4.—An excellent exposure of 
Harding strata occurs along the west side 
of the shelf-road in Helena Canyon, about 
a mile north of the northern end of Garden 
Park (about NEiNE} sec. 33, T. 16 S., R. 
70 W., Fremont County, Colorado), and a 
large, well-preserved fauna was collected 
from the shale member of the formation. 
The writer measured 112 feet of Harding in 
this section. 

Locality 5.—Somewhat more than 150 
feet of Harding are exposed in Priest Canyon 
(S$NE} sec. 13, T. 18 S., R. 71 W., Fre- 
mont County, Colorado) and this exposure 
proved moderately productive of conodonts. 
The writer washed several well-preserved 
specimens from bulk samples taken near the 
base of the upper sandstone member at this 
locality. 

Locality 6—Many conodonts were ob- 
tained from each of the members in the 125- 
foot thickness of Harding strata exposed 
at the type locality one mile northwest of 
Canon City, Colorado (S$}NW3} sec. 31, 
T. 18 S., R. 70 W., Fremont County). The 
shale member, and a siltstone bed in the 
upper sandstone member yielded the bulk 
of conodonts from this section, although a 
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great many were also obtained from a gjy. 
inch shale near the base of the lower sand. 
stone member. It seems probable that the 
Harding conodonts described by Branson 
and Mehl came from the siltstone bed at 
or near this locality. 

Locality 7.—One and a half miles west of 
the town of Beulah, Colorado, 75 feet of 
Harding are exposed in the north valley 
wall of the Middle St. Charles River (about 
NW3} sec. 5, T. 23 S., R. 68 W., Pueblo 
County), and an extremely rich collection 
was secured from the shale unit at this local. 
ity. Beds in the other members were found 
to be only sparingly productive. 

Locality 8—At Newett, Colorado (SE} 
SE} sec. 34, T. 13 S., R. 77 W., Chaffee 
County) 53 feet of Harding strata are ex. 
posed in a roadcut on U. S. Highway 24, 
and a few conodonts were obtained from a 
thin shale bed near the middle of the for- 
mation. Silicification of the balance of the 
strata in this section precluded collecting 
from other portions of the formation. 


AFFINITIES OF HARDING CONODONTS 


It should be noted that nearly every 
Harding sample which yielded conodonts 
also contained a large number of fragmented 
fish plates. In addition, many of the fibrous 
conodonts and several of the lamellar forms 
exhibit basal attachment to a translucent 
bluish-white substance which is indistin- 
guishable from the plate fragments that 
occur in the same residues. This may indi- 
cate, as Kirk (1929) believed, that the plates 
and the conodonts are portions of the same 
animal. However, it may also be that areas 
in the Harding sea which were ecologically 
favorable to fish were also hospitable to the 
structurally-similar conodont-bearing ani- 
mal. Thus it is at least possible that the 
association of fish plates and conodonts is 
ecologic rather than genetic. 


STRATIGRAPHIC SIGNIFICANCE OF 
HARDING CONODONTS 


A study of the faunal tabulations pre- 
sented in Table 2 indicates that among 
described conodont faunas, that of the 
Harding most closely resembles the one 
from the Glenwood beds of Minnesota 
(Stauffer, 1935a) and northeastern Iowa. 
Of the 19 genera of conodonts reported 
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from the Glenwood, 14 have been identified 
by the writer from the Harding. Further- 
more, both collections are dominated by 
representatives of the distinctive genus 
Chirognathus, and more than half of these 
are conspecific forms. In addition, the writer 
has found Coleodus and Curtognathus in the 
Glenwood of Iowa, both of which also occur 
in the Harding fauna. Although it is known 
from the Llandeilo of Wales (Rhodes, 
1953, pp. 281-284), the genus A morphogna- 
jus has not previously been reported in 
North America from rocks older than the 
Spechts Ferry of Minnesota (Stauffer, 
1935b). If more were known about the 
stratigraphic range of conodont genera, the 
occurrence of this form in the Harding 
fauna might be of greater significance. 
However, the Spechts Ferry fauna is only 
superficially similar to that of the Harding, 
and the presence of the distinctive Chirog- 
nathus zone in the stratigraphically lower 
Glenwood shale indicates that the Harding 


is distinctly older than the Spechts Ferry 
Of the 17 conodont genera described by 
Branson and Mehl (1933, pp. 101-119) 
from the Plattin limestone of Missouri, 
12 are also common in the Harding. With 
the exception of Chirognathus which is 
represented by only one species in the 
Plattin, the Glenwood and Plattin faunas 
are also strikingly similar. A conodont 
fauna, of which Chirognathus is the most 
conspicuous element, has been reported 
from pre-Bighorn, post-Deadwood shales 
and sandstones in the Bighorn Mountains 
of Wyoming (Amsden and Miller, 1942). 
Although this collection is smaller than that 
from the Harding, all but two of the genera 
represented in it are also present in the 
Harding. Conodonts reported by Amsden 
and Miller from the upper 3 feet of the 
clastic section below the Bighorn occur 
with an invertebrate fauna which is indi- 
cative of a horizon higher in the Ordovician, 
the Lander sandstone. McCoy (1952) has 


TABLE 2.—STRATIGRAPHIC DISTRIBUTION OF HARDING CONODONT GENERA 








\ | 


% 


% 


aK Horizon 


i 
Conodont genera ihe 
~~, 


Harding formation 
Minnesota and Iowa 


of Colorado 
Glenwood beds of 


™ 





| 


Roughlock siltstone 
Spechts Ferry fm., 
Minnesota and Iowa 
Llandeilo limestone 
of South Wales 


Plattin formation 
Pre-Bighorn strata 
Bighorn Mts., Wyo. 
Black Hills, S.D. 
Black Hills, S.D. 


of Missouri 
Icebox shale of 





AMORPHOGNATHUS 
CHIROGNATHUS 
COLEODUS 
CORDYLODUS 
CURTOGNATHUS 
CYRTONIODUS 
DICHOGNATHUS 
ERISMODUS 
LONCHODUS 
MICROCOELODUS 
MIXOCONUS 
NEOCOLEODUS 
OISTODUS 
OZARKODINA 
PALTODUS 
PHRAGMODUS 
POLYCAULODUS 
PRIONOGNATHUS 
PTILOCONUS 
SCOLOPODUS 
SCYPHIODUS 
STEREOCONUS 
SUBCORDYLODUS 
TRICHONODELLA 


ala 


etal ala) alalalalala 


ala 








alalalslalalalalalalalatalatalalatalalatalat ata 





o6 
va 
w% 


~% 
a 
a 


Aw 
~ moe 


<M cleat at ale! ala 
~ ~~ KAM 
va a ~ 
va alata 
Me he MM OM 
tata alta 

















vad 
a 
~~ 
‘a 
va 











232 WALTER 


recently proposed that the clastic sequence 
intervening between the Deadwood forma- 
tion and the dolomitic member of the White- 
wood formation be subdivided into 3 for- 
mations. In ascending order, these are the 
Aladdin sandstone, Icebox shale, and 
Roughlock siltstone. Furnish, Barragy, and 
Miller (1936) have listed both the mega- 
fauna and microfauna of the Icebox and 
Roughlock formations. A  Chirognathus 
fauna occurs within the Icebox shale but 
is not abundantly represented in it. Al- 
though the overlying Roughlock formation 
carries a conodont fauna reminiscent of 
that of the Harding, the Chirognathus 
element is missing, so it may be that the 
entire Icebox-Roughlock sequence is some- 
what younger than typical Glenwood- 
Harding. 

In summary, the Harding conodonts 
point to a correlation of that unit with the 
Glenwood shale of Minnesota, at least 
part of the Plattin formation of Missouri, 
the Icebox shale of the northern Black 
Hills, and all but the uppermost 3 feet of 
the pre-Bighorn, post-Deadwood sequence 
in the Bighorn Mountains of Wyoming. 
Flower (1952) has pointed out that the 
Harding cephalopods Ormoceras pollacki, 
and Kionoceras sp. appear to be related to 
undescribed Black River forms, and Pollack 
(1951, p. 18) remarks that the Harding 
megafauna studied by him is “. . . almost 
conclusively of Black River age.”’ 


SYSTEMATIC DESCRIPTIONS 


Order CONODONTOPHORIDA Eichenberg, 
1930 

Suborder NEURODONTIFORMES Branson 

and Mehl, 1944 
Family COLEODONTIDAE Branson 

and Mehl, 1944 

Genus CoLEopus Branson and Mehl, 

1933 


Straight or laterally flexed, fibrous, 
blade-like conodonts which have a deep, 
longitudinal, aboral groove that extends the 
full length of the blade. Oral surface of 
blade slightly to definitely crenulate or 
denticulate. Aboral outline straight or slight- 
ly arched. 

Only 3 species of Coleodus are known, and 
2 of these occur in the Harding fauna. The 
genus is apparently restricted to the lower 
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Fic. 2—Orientation and terminology of Coleodys. 


Middle Ordovician; its earliest recorded 
occurrence is in the Dutchtown formation 
of Missouri, and it is present in Harding 
and Glenwood strata. No representatives 
of Coleodus have been reported from rocks 
younger than the Harding. 

Genotype.—Coleodus simplex Branson and 
Mehl. 


COLEODUS DELICATUS Branson and 
Mehl 
Plate 27, figure 7 
Coleodus delicatus BRANSON and MERL, 1933, 

Missouri Univ. Studies, vol. 8, p. 80, pl. 6, figs. 

3-4; FAY, 1952, Univ. Kansas Paleontological 

Contributions, Vertebrata, Art. 3, p. 81. 

Blade thin, delicate, unbowed, - sur- 
mounted by 8 to 10 sharp-pointed, posterior- 
ly deflected, laterally confluent denticles. 
Aboral groove not prominent, consisting 
of a slightly excavated, laterally flaring 
sheath which extends for only a short dis- 
tance along the aboral edge of the posterior 
and anterior parts of the blade. Viewed 
laterally, the aboral margin is only slightly 
arched, while the oral, or denticulated mar- 
gin is broadly arcuate. Denticles laterally 
compressed, unkeeled, nearly recumbent, 
discrete only at their distal ends, continued 
into the blade as crenulations or flutings. 
Blade narrowly triangular in transverse sec- 
tion. 

Occurrence.—Base upper sandstone mem- 
ber, Harding formation, in the Priest 
Canyon section; siltstone bed 100 feet above 
base formation, Harding Quarry section; 
shale member, Helena Canyon section, 
Colorado. 
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Repository.—State University of Iowa, 
8239. 


CoLEODUS SIMPLEX Branson and Mehl 
Plate 29, figure 27 
Coleodus simplex BRANSON and MEHL, 1933, Mis- 

souri Univ. Studies, vol. 8, p. 24, figs. 22-25; 

AmspEN and MILLER, 1942, Jour. Paleontol- 

ogy, vol. 16, p. 303, pl. 41, figs. 1-2; BRANSON 
and MEHL, 1944, in Shimer and Shrock, Index 

Fossils of North America, p. 237, pl. 93, fig. 22; 

BRANSON, 1944, Missouri Univ. Studies, vol. 

19, pp. 53, 67, pl. 8, figs. 8-10; YounGQuist 
and CULLISON, 1946, Jour. Paleontology, vol. 
20, pp. 581-582, pl. 90, figs. 16-17; Fay, 1952, 

Univ. Kansas Paleontological Contributions, 
Vertebrata, Art. 3, p. 81. 

Blade massive, broadly triangular in 
transverse section. Oral margin crenulate 
and vertically fluted so as to suggest a 
gries of contiguous, laterally compressed 
denticles. Basal groove deep, slightly re- 
stricted aborally, tapering slightly toward 
posterior end of blade. Sheath filled with 
bluish-white bone-like material. 

Occurrence-—Shale member, Harding for- 
mation, at the Beulah, and Little Fountain 
Creek sections; siltstone bed 100 feet above 
base Harding formation, Harding Quarry 
section, Colorado. 

Repository—State University of Iowa, 
$240. 


Genus ErisMopus Branson and Mehl, 
1933 


Branson and Mehl diagnose the genus as 
follows: 
More or less bar-like arched units with median 
or apical cone the somewhat excavated base of 
which is emphasized by a buttress on each side, 
that of the outer face extending as a boss or 
process below the aboral margin of the arched 
bar. Oral edge of bar produced into a few low 
rounded denticles. In some species bars very 
short and non-denticulate. The bar excavated 
lengthwise on the aboral side to clasp the jaw. 


Erismodus appears to be restricted in oc- 
currence to rocks of lower Middle Ordovi- 
can age. The oldest specimens known 
come from Chazyan rocks near Grenville, 
Quebec, and the McLish formation of 
Oklahoma. Younger specimens have been 
reported from the Glenwood beds of Minne- 
sota, the pre-Lander, post-Deadwood se- 
quence of Wyoming, the Dutchtown of 
Missouri, the Plattin of Missouri, the upper 
ng of the Bromide formation of Okla- 
oma. 
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Fic. 3—Orientation and terminology 
of Erismodus. 





Genotype.—Erismodus typus Branson and 


Mehl. 


ERISMODUS ABBREVIATUS Branson 
and Mehl 
Plate 28, figure 10 

Erismodus abbreviatus BRANSON and MERL, 1933, 
Missouri Univ. Studies, vol. 8, pp. 25-26, pl. 
1, figs. 8, 17; AMSDEN and MILLER, 1942, Jour. 
Paleontology, vol. 16, p. 303; BRANson, 1944, 
Missouri Univ. Studies, vol. 19, pp. 53, 67, pl. 
8, figs. 12-19; Fay, 1952, Univ. Kansas Pale- 
ontological Contributions, Vertebrata, Art. 3, 
p. 91. 


These small units differ only slightly 
from the configuration of simple cones. 
Apical cone erect, blunt, slightly flaring 
on its lateral margins, continued below the 
general plane of the base on one side as a 
distinct process. Lateral bars are but slight 
outward projections of the marginal keels 
of the cone. Subapical excavation rather 
deep, retaining a fragment of bone-like 
material in most specimens. 

Occurrence-—Shale member, Harding for- 
mation, at the Helena Canyon, and Moun- 
taindale Ranch sections; siltstone bed 100 
feet above base Harding formation, Hard- 
ing Quarry section, Colorado. 

Repository——State University of Iowa, 
8249. 


ERISMODUS RADICANS (Hinde) 
Plate 29, figures 22, 29 


Prioniodus radicans HINDE, 1879, Quart. Jour. 
Geol. Soc. London, vol. 35, pp. 356-357, pl. 15, 
figs. 1-5. 

Euprioniodina? radicans HOLMEs, 1928, U. S. 
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Nat. Mus. Proc., vol. 72, art. 5, no. 2701, p. 10, 
pl. 5, figs. 25-29. 

Erismodus radicans BRANSON and MEHL, 1933, 
Missouri Univ. Studies, vol. 8, p. 156, pl. 12, 
figs. 14, 18, 19; BRANson, 1944, Missouri Univ. 
Studies, vol. 19, pp. 53, 67, pl. 8, figs. 20-21. 

Erismodus cf. E. radicans PoLuLaAcK, 1951, Unpub- 
lished M.S. Thesis, Univ. Oklahoma, pp. 17, 


34, pl. 6, fig. 5. 
Erismodus radicans Fay, 1952, Univ. Kansas 
Paleontological Contributions, Vertebrata, 


Art. 3, p. 91. 


Apical cone massive, recurved, flanked 
laterally by aborally directed, laterally 
compressed, discretely denticulated bars 
the under surface of which is deeply grooved. 
Cone base extended well below aboral mar- 
gin as a distinctly rounded boss or process. 
Inner aboral margin smoothly but highly 
arched, strongly bowed inward so as to 
form a distinct buttress below the cusp. 
Denticles of lateral bars laterally com- 
pressed, blunt, discrete, and three or four 
in number on each bar. This is a large 
conodont; it measures somewhat more than 
1 mm. in length. 

Remarks.—Figured specimens of individ- 
uals referred to this species indicate that it 
has been interpreted very broadly. The 
Harding form here discussed agrees closely 
with the one from the Dutchtown forma- 
tion of Missouri, figured by Branson in 
1944, and is not significantly different from 
Hinde’s specimen illustrated by Branson 
and Mehl in 1933. 

Occurrence-—Shale member, Harding for- 
mation, at the Harding Quarry, and Beulah 
sections, Colorado. 

Repository—State University of Iowa, 


8250. 


ERISMODUS SIMPLEX Branson and Mehl 
Plate 29, figure 19 
Erismodus simplex BRANSON and MEHL, 1933, 
Missouri Univ. Studies, vol. 8, p. 26, pl. 1, figs. 


15-16; Fay, 1952, Univ. Kansas Paleontologi- 
cal Contributions, Vertebrata, Art. 3, p. 91. 


Apical cone low, laterally compressed, 
widely flaring at base. Outer portion of 
cone base produced into prominent aboral 
process. Marginal keels of cone extended 
at base to form short, nondenticulate 
lateral bars, the undersides of which are 
only shallowly excavated. 

Remarks.—This species differs from E. 
abbreviatus in that the apical cone is short 
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and stout, the marginal keels are More 
prominent and developed into short lateral 
wings. 

Occurrence.—Six-inch shale 6.7 feet above 
base, and siltstone bed 100 feet above base 
Harding formation, at the Harding Quarry 
section, Colorado. 

Repository —State University of Iowa, 
8251. 


ERISMODUS TYPUS Branson and Mehl 
Plate 27, figure 5; Plate 29, figures 7-8 
Erismodus typus BRANSON and MEHL, 1933, Mis- 
souri Univ. Studies, vol. 8, pp. 25, 104, pl. 1 
figs. 9, 11-12; AMSDEN and MILLER, 1942, Jour. 
Paleontology, vol. 16, p. 303; BRANson and 
MERL, 1944, in Shimer and Shrock, Index Fos- 
sils of North America, p. 237; BRANson, 1944 
Missouri Univ. Studies, vol. 19, pp. 67, 70, pl. 
9, figs. 29-30; Fay, 1952, Univ. Kansas Paleon- 
tological Contributions, Vertebrata, Art. 3, p. 
91. 


Apical cone laterally compressed, margin- 
ally keeled, extended below aboral margin 
of outer lateral face as boss or process nearly 
equal in length to the height of the cone. 
Marginal keels of cone extended laterally 
as thin, downward-sloping denticulated bars 
which meet the cone at an angle of about 70 
degrees. Denticles low, nodular, coalescing 
laterally at their junction with the bar. 
Lateral bars aborally excavated throughout 
their entire length. Subapical cavity at 
junction of lateral grooves, deep, buttressed, 
orally flaring. 

Occurrence-—Shale member, Harding for- 
mation, at the Harding Quarry, Helena 
Canyon, and Mountaindale Ranch sec- 
tions; six-inch shale bed 6.7 feet above 
base, and siltstone bed 100 feet above base, 
Harding formation, at the Harding Quarry 
section, Colorado. 

Repository.—State University of Iowa, 
8252-8254. 


Genus NEOCOLEOoDUs Branson and 
Mehl, 1933 


To the genus Neocoleodus are referred bar- 
like fibrous conodonts, whose aboral sur- 
faces are longitudinally grooved, and whose 
oral surfaces are surmounted by nodular or 
spike-like cones. 

Only five species have been assigned to 
Neocoleodus, all of which are found in rocks 
of Middle Ordovician age. The genus was 
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frst recognized in the Harding formation, 
put it is now known from the Dutchtown 
of Missouri, the Decorah of Minnesota, 
and the pre-Lander post-Deadwood se- 
quence of Wyoming. 

Genotype.— Neocoleodus spicatus Brangon 
and Mehl. 


NEOCOLEODUS BREVICONUS Branson and 
Mehl 
Plate 29, figures 12, 28 
Neocoleodus breviconus BRANSON and MEeERL, 

1933, Missouri Univ. Studies, vol. 8, pp. 24- 

25, pl. 1, figs. 1-3; STAUFFER, 1935, Jour. 

Paleontology, vol. 9, p. 608, pl. 72, fig. 13; Fay, 

1952, Univ. Kansas Paleontological Contribu- 

tions, Vertebrata, Art. 3, p. 132. 

Bar shallowly excavated, slightly flaring, 
oral surface set with four or five low, 
rounded, node-like denticles of subequal 
size. Bar tapers slightly to both ends, but, 
in general, maintains a rather constant 
width. Outlines of oral nodes continued into 
base as relatively deep transverse flutings. 
These fluted areas are planes of weakness, 
hence it is unusual to find a specimen which 
retains more than two nodes. 

Occurrence-—Shale member, Harding for- 
mation, Beulah section; six-inch shale bed 
6.7 feet above base Harding formation, 
shale member, and siltstone bed 100 feet 
above base Harding formation, at the 
Harding Quarry section, Colorado. 

Repository.—State University of Iowa, 
8263-8264. 


Family CHIROGNATHIDAE Branson 
and Mehl, 1944 
Genus CHIROGNATHUS Branson and 
Mehl, 1933 


Chirognathus was erected to include 
fibrous denticulated units which show no 
real excavation or “pulp cavity” beneath 
the cusp, but which appear to have been 
attached along an inner aboral depression 
termed the escutcheon. In general, the base 
of the unit is elongate and bowed laterally 
by an inward curve of its posterior and an- 
terior limbs, which gives rise to a unit 
resembling a flexed hand. The denticles are 
subcircular to elliptical in section, and may 
coalesce laterally with adjacent denticles 
for some of their length. In most species, 
the denticles are marginally keeled, and 
curve inward toward their distal ends. As a 
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Fic. #—Orientation and terminology 
of Chirognathus. 


general rule, the escutcheon flares orad 
beneath the denticle of maximum length, 
and is drawn out into a shallow depression 
near the base of the posterior and anterior + 
limbs. 
above the apex of the escutcheon is referred 
to as the apical denticle or cusp, even though 
it is of a size subordinate to the others. 
Many Harding chirognathids retain some 
bony material ‘‘fused’’ to a portion of the 
attachment area. The size, shape, and ar- 
rangement of the denticles with respect to 
the escutcheon, and to one another, are 
considered to be properties of specific 
value. 


However, the denticle occurring 


Chirognathus is best known from the 


Harding and Glenwood formations, but 
representatives have been described from 
the Plattin of Missouri, the Dutchtown of 
Missouri, the Icebox shale of the Black 
Hills of South Dakota, and the pre-Bighorn, 
post-Deadwood sequence in the Bighorn 
Mountains of Wyoming. A_ species of 
Chirognathus described by Cooper (1939) 
from a Mississippian horizon in Oklahoma 
is probably not a chirognathid, for it ap- 
pears to be more expanded in the basal 
plane than is characteristic of the genus. 


Genotype.—Chirognathus duodactyla Bran- 


son and Mehl. 


CHIROGNATHUS ADMIRANDA Stauffer 
Plate 27, figure 15 


Chirognathus admirandus STAUFFER, 1935, Geol. 


Soc. America Bull., vol. 46, p. 135, pl. 9, figs. 
6, 16, 22; Fay, 1952, Univ. Kansas Paleon- 
tological Contributions, Vertebrata, Art. 3, p. 
79. 
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Escutcheon prominent, flanged, apexing 
beneath a stout denticle which is only slight- 
ly shorter than the longest one anterior to 
it. Anterior limb of base bears two sharp- 


pointed, laterally compressed denticles, 


the second of which is the longest. Posterior 


limb bears four laterally compressed, sharp- 
pointed denticles of subequal size and 
length which are contiguous for a consider- 


able distance above the base. All denticles 


are marginally keeled, and curve grace- 
fully inward toward their distal ends. 

Occurrence.—Shale member, Harding for- 
mation, in sections at Beulah, Harding 
Quarry, Helena Canyon, and Little Foun- 
tain Creek, Colorado. 

Repository.—State University of Iowa, 
8218. 


CHIROGNATHUS AEQUIDENTATA Branson 
and Mehl 
Plate 27, figure 12 
Chirognathus aequidentata BRANSON and MEHL, 
1933, Missouri Univ. Studies, vol. 8, p. 30, pl. 


2, fig. 18; Fay, 1952, Univ. Kansas Paleon- 
tological Contributions, Vertebrata, Art. 3, p. 
79. 


Base short in an antero-posterior direc- 
tion, and moderately arched on the inner 
side. Denticles five in number, laterally 
compressed, slightly keeled, and contiguous 
for a short distance above the base. Upper 
margin of escutcheon flanged, and flaring 
orad beneath the middlemost denticle of the 
series. 

Remarks.—In the single specimen de- 
scribed, none of the denticles are complete, 
but all appear to have been subequal in 
size. This, coupled with the distinctive 
marginal flange above the escutcheon, serves 
to distinguish the form from other species 
of Chirognathus. 

Occurrence-—Shale member, Harding for- 
mation, at Little Fountain Creek, Colorado. 

Repository—State University of Iowa, 
8219. 


CHIROGNATHUS ALTERNATA Branson 
and Mehl 
Plate 27, figure 26 


Chirognathus alternata BRANSON and MERL, 1933, 
Missouri Univ. Studies, vol. 8, pp. 30-32, pl. 
2, figs. 16-17, 19, 32; AMSDEN and MILLER, 
1942, Jour. Paleontology, vol. 16, p. 303, pl. 
41, fig. 26; BRANSON and MEHL, 1944, in 
Shimer and Shrock, Index Fossils of North 
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America, p. 237, pl. 93, fig. 
Univ. Kansas Paleontological 
Vertebrata, Art. 3, p. 79. 


12; Fay, 1952, 
Contrib utions, 


This common Harding species consists of 
a prominently bowed base surmounted by 
stout, laterally compressed, unkeeled dent. 
cles which alternate in size and length, 
The escutcheon apexes beneath the third 
denticle which is the one of maximum size 
and length, and is extended beneath the 
anterior and posterior limbs of the base as 
narrow, slightly excavated scar. Aboral 
outline strongly sigmoidal because of the 
prominent downward expansion of the base 
beneath the cusp and anterior denticles, 
Two denticles occur anterior to the cusp, 
the terminal one of superior size. Posterior 
to the cusp there are 4 or more denticles 
which are strongly inclined to the posterior, 

Remarks.—The posterior limb of the base 
is more delicate than the anterior limb hence, 
it is rarely preserved. The alternation in 
size and length of the denticles and the 
strongly sigmoidal aboral outline of the 
base serve to distinguish this species from 
other chirognathids. 

Occurrence.—Shale member, Harding for- 
mation, in sections at Beulah, Harding 
Quarry, Helena Canyon, and Little Foun- 
tain Creek; siltstone bed 100 feet above 
base Harding formation, Harding Quarry 
section, Colorado. 

Repository.—State University of Iowa, 
8220. 


CHIROGNATHUS CULTIDACTYLA Sweet, 
n. sp. 
Plate 27, figure 11 


Base thin-walled, gently bowed, un- 
arched, suboval in lateral outline. Oral 
surface of base bears four erect, discrete, 
divergent, sharp-pointed denticles set well 
apart from one another, and grading up- 
ward in size and length from both extremi- 


-ties. Denticles only faintly keeled on their 


margins, and curving orad distally. The 
cusp, which is the middlemost denticle 
of the series, is the largest and longest of 
the denticles, and is continued for a short 
distance below the aboral edge of the outer 
face as a blunt process. Escutcheon large, 
shallow, occupying nearly the entire area of 
the inner face, apexing orally in a broad 
flanged curve beneath the cusp. 
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Remarks.—This form appears to have no 
dose relative among described chirognathid 
gecies. It is set apart from them by the 
relatively wide spacing of the denticles, 
the large size of the escutcheon, and the 
gnall aboral process beneath the cusp. 

Occurrence.—Six-inch shale 6.7 feet above 
pase Harding formation, Harding Quarry 
gction, Colorado. 

Repository.—State University of Iowa, 
$221. 


CHIROGNATHUS DEFORMIS Branson and 
Mehl 
Plate 27, figure 10 

Chirognathus deformis BRANSON and MEHL, 1933, 
Missouri Univ. Studies, vol. 8, p. 32, pl. 2, fig. 
42; Fay, 1952, Univ. Kansas Paleontological 
Contributions, Vertebrata, Art. 3, p. 79. 
Quter-lateral surface of base markedly 
convex. Escutcheon deep, highly arched. 
Denticles 5 in number, the largest occurring 
directly above apex of escutcheon. Re- 
curved cusp flanked on either side by 2 
smaller, divergent, unkeeled  denticles. 
Escutcheon filled with bluish-white bony 


| material. 





Occurrence.—Siltstone bed 100 feet above 
base Harding formation, Harding Quarry 
section, Colorado. 

Repository.—State University of Iowa, 
222. 


CHIROGNATHUS DELICATULA Stauffer 
Plate 27, figures 14, 22 
Chirognathus delicatulus STAUFFER, 1935, Geol. 
Soc. America Bull., vol. 46, pp. 136, 158, pl. 9, 
figs. 1-3, 5, 7-13, 17-19, 21; FurRNisH, Bar- 
raGY, and MILLER, 1936, Am. Assoc. Petroleum 
Geologists Bull., vol. 20, p. 1334, pl. 1, fig. 12; 
AMSDEN and MILLER, 1942, Jour. Paleontol- 
ogy, vol. 16, p. 303, pl. 41, fig. 27; Fay, 1952, 
Univ. Kansas Paleontological Contributions, 
Vertebrata, Art. 3, p. 79. 


Base thin, slightly bowed, gently arched 
inouter lateral view. Escutcheon prominent, 
deep, markedly flaring orad beneath pos- 
teiorly inclined cusp. Anterior segment of 
tase bears 4 discrete, sharp-pointed, margi- 
tally keeled denticles, all of which incline 
toward the posterior end of the base. Pos- 
terior limb surmounted by 6 small, sharp 
denticles which are anteriorly recurved at 
mid-length. All denticles are subcircular in 
(toss section, and discrete above the base. 

Occurrence.—Shale member, Harding for- 


mation, in the Beulah, Harding Quarry, 
and Helena Canyon sections; siltstone bed 
100 feet above base Harding formation, 
Harding Quarry; base upper sandstone 
member, Harding formation, Priest Canyon 
section, Colorado. 

Repository—State University of lowa, 
8223-8224. 


CHIROGNATHUS DUBIA Branson and Mehl 
Plate 27, figure 4 
Chirognathus? dubia BRANSON and MEHL, 1933, 

Missouri Univ. Studies, vol. 8, p. 34, pl. 2, figs. 

33-34, 36; Fay, 1952, Univ. Kansas Paleon- 

ae Contributions, Vertebrata, Art. 3, p. 

Base short, convex on both outer and in- 
ner lateral faces, with low, deep escutcheon 
on inner aboral margin. Cusp directly above 
apex of escutcheon, circular in cross-section, 
and sharply recurved at mid-length. Cusp 
flanked on anterior by one small, sharp- 
pointed, laterally compressed, faintly keeled 
denticle, which is also slightly recurved. 
Both inner and outer aboral margins slightly 
arched, 

Remarks.—This specimen resembles Poly- 
caulodus peculiaris Branson and Mehl, 
which also occurs in the Harding fauna, but 
differs from that species in that the escutch- 
eon is lateral rather than basal in position. 
For this reason, the writer is referring it 
without question to Chirognathus. 

Occurrence.—Shale member, Harding for- 
mation, Beulah section; also 6.7 feet and 
100 feet above base Harding formation. 
Harding Quarry section, Colorado. 

Repository —State University of lowa, 
8225. 


CHIROGNATHUS DUODACTYLA Branson 
and Mehl 
Plate 27, figure 25 
Chirognathus duodactyla BRANSON and MERL, 
1933, Missouri Univ. Studies, vol. 8, p. 28, pl. 
2, figs. 1-2; STAUFFER, 1935, Geol. Soc. Amer- 
ica Bull., vol. 46, pp. 136, 158, pl. 9, fig. 29; 
BRANSON and MEHL, 1944, im Shimer and 
Shrock, Index Fossils of North America, p. 
237; Fay, 1952, Univ. Kansas Paleontological 
Contributions, Vertebrata, Art. 3, p. 80. 
Base markedly convex on outer-lateral 
face, with outer-aboral margin extending 
in a broad curve well below the general 
plane of the base. Escutcheon prominent, 
relatively deep, apexing below second denti- 
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cle which is somewhat shorter than the one 
immediately anterior to it. First two an- 
terior denticles longer than the 3 succeeding 
posterior denticles. All denticles oval in 
cross-section, blunt, and prominently keeled. 
With the exception of the terminal anterior 
denticle which inclines somewhat anteriorly, 
the denticles incline slightly to the posterior. 

Occurrence.—Shale member, Harding for- 
mation, at the Harding Quarry, and Little 
Fountain Creek sections; also siltstone bed 
100 feet above base Harding formation, 
Harding Quarry section, Colorado. 

Repository.—State University of lowa, 
8226. 


CHIROGNATHUS EUCHARIS Stauffer 
Plate 27, figure 17 


Chirognathus eucharis STAUFFER, 1935, Geol. Soc. 
America Bull., vol. 46, pp. 136, 158, pl. 9, figs. 
23, 27-28, 34. 

Undet. gen. B PoLLack, 1951, Unpublished the- 
sis, Univ. Oklahoma, pp. 37-38, pl. 6, fig. 13. 

Chirognathus eucharis Fay, 1952, Univ. Kansas 


Paleontological Contributions, Vertebrata, 
Art. 3, p. 80. 
Base relatively thick, unarched, sur- 


mounted by 6 or 7 discrete, delicate, sharp- 
pointed denticles all of which are marginally 
keeled and confluent for a short distance 
above the base. Escutcheon broad, shallow, 
flaring orad beneath the cusp which is the 
fourth and largest denticle of the series. 
The first 2 anterior denticles are of sub- 
equal size and are only slightly inclined to 
the posterior. These denticles are separated 
from the cusp by a short, sharp denticle 
which, in several specimens appears to 
have been nearly resorbed by the lateral 
confluence of the anterior denticles and the 
cusp. The posterior limb of the base bears 
4 small, sharp pointed denticles, the one 
next to the cusp generally being the small- 
est. 

Occurrence.—Shale member, Harding for- 
mation, at the Beulah, Harding Quarry, 
Helena Canyon, and Little Fountain Creek 
sections; also siltstone bed 100 feet above 
base Harding formation, Harding Quarry 
section; base upper sandstone member, 
Harding formation, Priest Canyon, Colora- 
do. 

Repository.—State University of Iowa, 
8227. 
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CHIROGNATHUS GRADATA Branson and 
Mehl 
Plate 27, figure 24 


Chirognathus gradata BRANSON and Ment, 1933 | 


Missouri Univ. Studies, vol. 8, pp. 29-309 pl 
2, fig. 14; Fay, 1952, Univ. Kansas Palee 
tological Contributions, Vertebrata, Art, 3 
p. 80. 


Base strongly bowed outward, yr. 
mounted by 6 to 8 sharp-pointed, marginally 


keeled, laterally compressed denticles which | 


decrease regularly in size and length toward 
posterior end of base. Escutcheon large, 
relatively deep, apexing beneath second 
denticle from anterior end of series. Aboral 
outline strongly sigmoidal. 

Remarks.—The specimen illustrated does 
not compare in every respect with the holo. 
type, and may be specifically distinct. 
However, the regular decrease in denticle 
size and length is considered sufficient reason 
to place it in C. gradata Branson and Mell, 

Occurrence-—Shale member, Harding for. 
mation, at the Harding Quarry, and 
Beulah sections; siltstone bed 100 feet above 
base Harding formation, Harding Quarry 
section, Colorado. 

Repository.—State University of Iowa, 
8228. 


CHIROGNATHUS IDONEA Stauffer 
Plate 27, figures 8, 16 
Chirognathus idoneus STAUFFER, 1935, Geol. Soc. 
America Bull., vol. 46, pp. 137, 158, pl. 9, fig. 
24; Fay, 1952, Univ. Kansas Paleontological 
Contributions, Vertebrata, Art. 3, p. 80. 


Base short, more or less highly arched, 
moderately bowed. Cusp subcentral, margin- 
ally keeled, recurved, with 2 large denticles 
on its anterior side and 4 or 5 smaller, dis- 
crete, sharp-pointed denticles on its pos- 
terior side. Escutcheon extends full length 
of inner aboral margin, but is not greatly 
expanded beneath cusp. Aboral margin of 
outer lateral face nearly straight, but slight- 
ly arched beneath cusp. 

Remarks.—This species differs from C. 
delicatula Stauffer in that it has fewer denti- 
cles on both limbs of the base, and a lower, 
more attenuated escutcheon. 

Occurrence-—Shale member, Harding for- 
mation, at the Harding Quarry and Beulah 
sections; siltstone bed 100 feet above base 
Harding formation, Harding Quarry sec- 
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tion; also base upper sandstone member, 
Harding formation, Priest Canyon section, 
Colorado. 
Repository.—State University of Iowa, 
9229-8230. 


CHIROGNATHUS MANIFORMIS Branson 
and Mehl 
Plate 27, figure 13 

Chirognathus maniformis BRANSON and MEHL, 

1933, Missouri Univ. Studies, vol. 8, p. 29, pl. 

2, fg. 9; Fay, 1952, Univ. Kansas Paleon- 

tological Contributions, Vertebrata, Art. 3, 

p. 80 

Base short, thick, highly arched, bearing 
a large, blunt, laterally keeled cusp at the 
apex of its arch, and 2 or 3 smaller, discrete, 
divergent, blunt pointed denticles on its 
either limb. Denticles laterally compressed, 
meeting base at almost right angles. Cusp 
dightly recurved in its distal portion. 
Escutcheon relatively deep; confined to 
lower portion of inner lateral face. 

Occurrence.—Shale member, Harding for- 
mation, Beulah section; six-inch shale 6.7 
feet above base Harding formation, Harding 
Quarry section, Colorado. 
Repository.—State University of lowa, 
$231. 


CHIROGNATHUS MONODACTYLA Branson 
and Mehl 
Plate 27, figure 20 
Chirognathus monodactyla BRANSON and MEHL, 

1933, Missouri Univ. Studies, vol. 8, pp. 79, 31, 

pl. 2, figs. 11-13; AMSDEN and MILLER, 1942, 

Jour. Paleontology, vol. 16, p. 303, pl. 41, fig. 

31; Fay, 1952, Univ. Kansas Paleontological 

Contributions, Vertebrata, Art. 3, p. 80. 

Base massive, thick, highly arched. An- 
terior and posterior limbs meet at angle of 
smewhat more than ninety degrees be- 
neath large, posteriorly directed, marginally 
keeled cusp. Anterior limb bears 4 or 5 
erect, blunt, laterally confluent denticles 
of subequal size. Posterior limb surmounted 
by 2small, sharp, discrete denticles. Escutch- 
eon large, shallow, broadly flaring be- 
neath cusp. Aboral outline of outer lateral 
face nearly straight. 

Occurrence-—Shale member, Harding for- 
mation, at the Beulah, Helena Canyon, 
Little Fountain Creek, Harding Quarry, 
and Mountaindale Ranch sections, 
Colorado; six-inch shale bed 6.7 feet above 
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base, and siltstone bed 100 feet above base 
Harding formation, Harding Quarry sec- 
tion; base of upper sandstone member, 
Harding formation, Priest Canyon section. 

Repository.—State University of lowa, 
8232. 


CHIROGNATHUS MULTIDENS Branson 
and Mehl 
Plate 27, figure 1 

Chirognathus multidens BRANSON and MERL, 
1933, Missouri Univ. Studies, vol. 8, p. 34, pl. 
2, fig. 43; STAUFFER, 1935, Geol. Soc. America 
Bull., vol. 46, pp. 138, 158, pl. 9, figs. 39-40; 
AMSDEN AND MILLER, 1942, Jour. Paleontology 
vol. 16, p. 303, pl. 41, fig. 28; Fay, 1952, Univ. 
Kansas Paleontological Contributions, Ver- 
tebrata, Art. 3, p. 80. 


Base thin, delicate, unbowed, nearly 3 
times as long as high, surmounted by 10 
to 15 sharp-pointed, laterally compressed, 
faintly keeled, appressed denticles, which 
grade upward in length from both extremi- 
ties of the base. Cusp somewhat larger and 
longer than the other denticles, occurring 
directly above the slight adoral expansion 
of the narrow escutcheon. 

Occurrence.—Shale member, Harding for- 
mation, at the Beulah, Harding Quarry, 
Helena Canyon sections, Colorado; also 
siltstone bed 100 feet above base Harding 
formation, Harding Quarry section. 

Repository.—State University of Iowa, 
8233. 


CHIROGNATHUS PARALLELA Branson 
and Mehl 
Plate 27, figure 9 
Chirognathus parallela BRANSON and MEHL, 1933, 

Missouri Univ. Studies, vol. 8, p. 28, pl. 2, fig. 

3; Fay, 1952, Univ. Kansas Paleontological 

Contributions, Vertebrata, Art. 3, p. 80. 

Base strongly curved downward in outer 
lateral view, but not appreciably bowed. 
Anterior portion of base surmounted by 3 
denticles, the first and third of which are 
long, slender, and adorally recurved at mid- 
length. These long denticles are separated 
by a small, sharp-pointed denticle which 
is one-third as long as those it separates. 
Posterior limb of base bears 2 short, sharp, 
divergent denticles. Escutcheon large, sub- 
circular in shape, apexing beneath third 
denticle which is the one of maximum size. 

Occurrence-—Shale member, Harding for- 
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Jou 
mation, Little Fountain Creek section, Base gently arched, crowned by 6 denti. 
Colorado. cles which are slightly keeled and circular 

Repository.—State University of Iowa, in cross-section. Cusp is terminal anterior 
8234. denticle and, although incomplete, appears . 


to have been nearly erect, subtriangular ; 
” . - ; ; in 
CHIROGN —_ ng Peng and Mehl cross-section, and produced below the aboral 

| ate 27, figure margin into a distinct process. The Cusp 
Chirognathus plana BRANSON and MEHL, 1933, is succeeded posteriorly by 2 low, laterally 


Missouri Univ. Studies, vol. 8, pp. 28-29, pl. 2, : ‘ 
fig. 5; Fay, 1952, Univ. Kansas Paleontological ©" fluent: denticles. The fourth posterior 
Contributions, Vertebrata, Art. 3, p. 80. denticle rivals the cusp in length, and is con- 





EXPLANATION OF PLATE 27 


All specimens are from the Harding formation of Colorado. Figures are retouched photographs, x49, 
Fics. 1—Chirognathus multidens Branson and Mehl. Inner lateral view. Shale member, Helena Can- | 


24—Chirognathus gradata Branson and Mehl, Outer lateral view. Shale member, Harding Quar- 
ry, Colorado. S.U.I. 8228. (p. 238) 
25—Chirognathus duodactyla Branson and Mehl. Inner lateral view. Shale member, Harding 
Quarry, Colorado. S.U.I. 8226. (p. 237) 
26—Chirognathus alternata Branson and Mehl. Outer lateral view. Shale member, Harding 
Quarry, Colorado. S.U.I. 8220. (p. 236) 


yon, Colorado. S.U.I. 8233. (p. 239) | 
2—Ozarkodina? sp. Lateral view. Shale member, Beulah section, Colorado. S.U.I. 8246. 
. 260) 
3—Microcoelodus expansus Branson and Mehl. Posterior view. Shale member, Beulah = 
Colorado. S.U.I. 8258. (p. 243) 
4—Chirognathus dubia Branson and Mehl. Inner lateral view. Siltstone bed 100 feet above base, 
Harding Quarry. S.U.I. 8225. (p. 237) 
5—Erismodus typus Branson and Mehl. Inner lateral view. Six-inch shale 6.7 feet above base, 
Harding Quarry. S.U.I. 8254. (p. 234) 
6—Chirognathus plana Branson and Mehl. Inner lateral view. Shale member, Beulah, Colorado, 
S.U.I. 8235. (p. 240) 
7—Coleodus delicatus Branson and Mehl. Lateral view. Siltstone bed 100 feet above base, Hard- 
ing Quarry. S.U.I. 8239. (p. 232) 
8—Chirognathus idonea Stauffer. Inner lateral view. Shale member, Harding Quarry section. 
S.U.I1. 8230. (p. 238) 
9—Chirognathus parallela Branson and Mehl. Inner lateral view. Shale member, Little Fountain 
Creek. S.U.I. 8234. (p. 239) 
10—Chirognathus deformis Branson and Mehl. Inner lateral view. Siltstone bed 100 feet above 
base, Harding Quarry. S.U.I. 8222. (p. 237) 
11—Chirognathus cultidactyla Sweet, n. sp. Inner lateral view of holotype. Six-inch shale 6.7 
feet above base, Harding Quarry section, Colorado. S.U.I. 8221. (p. 236) 
12—Chirognathus aequidentata Branson and Mehl. Inner lateral view. Shale member, Little 
Fountain Creek. S.U.I. 8219. (p. 236) 
13—Chirognathus maniformis Branson and Mehl. Inner lateral view. Six-inch shale 6.7 feet 
above base, Harding Quarry. S.U.I. 8231. (p. 239) 
14, 22—Chirognathus delicatula Stauffer. Inner lateral views. Shale member, Beulah, Colorado. | 
S.U.I. 8224, 8223. (p. 237) | 
15—Chirognathus admiranda Stauffer. Inner lateral view. Shale member, Beulah, Colorado. 
S.U.I. 8218. (p. 235) 
16—Chirognathus idonea Stauffer. Inner lateral view. Shale member, Beulah, Colorado. .- 
2 (p. 238) 
17—Chirognathus eucharis Stauffer. Inner lateral view. Shale member, Helena Canyon, Colorado 
S.U.E. $227. (p. 238) 
18—Chirognathus vulgaris Branson and Mehl. Inner lateral view. Shale member, Beulah, Colo- 
rado. S.U.I. 8238. (p. 242) 
19—Microcoelodus expansus Branson and Mehl? Posterior view. Shale member, Beulah, Colo- 
rado. S.U.I1. 8261. (p. 243) 
20—Chirognathus monodactyla Branson and Mehl. [nner lateral view. Siltstone bed 100 feet 
above base, Harding Quarry. S.U.I. 8232. (p. 239) 
21—Chirognathus unguliformis Stauffer. Inner lateral view. Shale member, Harding Quarry, 
Colorado. S.U.I. 8237. (p. 242) ' 
23—Chirognathus tenuidentata Stauffer? Inner lateral view. Shale member, Little Fountain Y 
Creek, Colorado. S.U.I. 8236. (p. 242) 
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quent with the adjacent anterior denticle for 
4 short distance above the base. Two small, 
discrete denticles form the fifth and sixth 
member of the series. Escutcheon large, 
subtriangular in outline, only slightly exca- 
vated. Outer lateral face slightly bowed; its 
aboral margin straight except near the an- 
terior end where a conspicuous downward 


__——————_— 


deflection marks the aboral process of the 
cusp. 

Occurrence.—Shale member, Harding for- 
mation, Beulah section; siltstone bed 100 
feet above base Harding formation, Harding 
Quarry section, Colorado. 

Repository.—State University of Iowa, 
8235. 


EXPLANATION OF PLATE 28 


All specimens are from the Harding formation of Colorado. Figures are retouched photographs, X40. 
Fics. 1—Ptiloconus compressus (Branson and Mehl). Inner lateral view. Siltstone bed 100 feet above 


base, Harding Quarry. S.U.I. 8277. 


(p. 246) 


2—Polycaulodus tridentatus Branson and Mehl. Inner lateral view. Shale member, Mountaindale 


Ranch. S.U.I. 8273. 


(p. 251) 


3—Cyrtoniodus complicatus Stauffer. Inner lateral view. Shale member, Beulah, Colorado. S.U.I. 


(p. 254) 


4—Microcoelodus asymmetricus Branson and Mehl. Posterior view. Shale member, Helena 


Canyon, Colorado. S.U.I. 8256. 


(p. 243) 


5—Polycaulodus bidentatus Branson and Mehl. Lateral view. Shale member, Helena Canyon, 


Colorado. S.U.I. 8270. 


(p. 250) 


6, 20—Ptiloconus gracilis (Branson and Mehl). Inner lateral views. Shale member, Beulah, 


Colorado. S.U.I. 8279, 8278. 


p. 246) 


( 
7—Oistodus curvatus Branson and Mehl. Lateral view. Shale member, Beulah, Colorado. S.U.I. 


8265. 


(p. 251) 


8—Cordylodus concinnus Branson and Mehl. Inner lateral view. Shale member, Beulah, Colo- 


rado. S.U.I. 8241. 


(p. 253) 


9—Prionognathus ordovicica Branson and Mehl. Lateral view. Shale member, Helena Canyon, 


Colorado. S.U.I. 8276. 


(p. 260) 


10—Erismodus abbreviatus Branson and Mehl. Inner lateral view. Shale member, Helena 


Canyon, Colorado. S.U.I. 8249. 


(p. 233) 


11—Ptiloconus tortus (Branson and Mehl). Inner lateral view. Shale member, Helena Canyon, 


Colorado. S.U.I. 8280. 


(p. 246) 


12—Cordylodus sp. Lateral view. Siltstone bed 100 feet above base, Harding Quarry, Colorado. 


S.U.I. 8243. 


(p. 253) 


13, 23—Scolopodus brevis Sweet, n. sp. Cotypes. Shale member, Beulah, Colorado. S.U.I. 


8281, 8282. 


(p. 252) 


14—Dichognathus brevis Branson and Mehl. Outer lateral view. Shale member, Helena Canyon, 


Colorado. S.U.I. 8247. 


(p. 258) 


15—Polycaulodus peculiaris Branson and Mehl? Lateral view. Shale member, Beulah, Colorado. 


S.U.I. 8272. (p. 250) 
16—Paltodus sp. Inner lateral view. Shale member, Helena Canyon, Colorado. S.U.I. 8268. 
(p. 252) 

17—Scyphiodus sp. Lateral view. Shale member, Beulah, Colorado. S.U.I. 8284. (p. 261) 


18—Lonchodus spinuliferus Stauffer. Lateral view. Shale member, Beulah, Colorado. S.U.I. 


8255 


(p. 259) 


19—Polycaulodus tridentatus Branson and Mehl. Lateral view. Siltstone bed 100 feet above 


base, Harding Quarry. S.U.I. 8274. 


(p. 251) 


21—Microcoelodus unicornis? of Branson and Mehl. Lateral view. Shale member, Beulah, 


Colorado. S.U.I. 8262. 


(p. 244) 


22—Subcordylodus rectilineatus Stauffer. Inner lateral view. Shale member, Harding Quarry, 


Colorado. S.U.I. 8288. 


(p. 255) 


24—Subcordylodus sinuatus Stauffer. Inner lateral view. Shale member, Helena Canyon, Colo- 


rado. S.U.I. 8289. 


(p. 256) 


25—Stereoconus robustus Branson and Mehl. Lateral view. Siltstone bed 100 feet above base, 


Harding Quarry. S.U.I. 8287. 


(p. 247) 


26—Polycaulodus reversus Sweet, n. sp. Lateral view. Shale member, Beulah section, Colorado. 


S.U.I. 8275. 


27, 28—Mixoconus primus Sweet, n. gen., 


Beulah, Colorado. S.U.I. 8248. 


(p. 251) 


n. sp. Lateral views of holotype. Shale member, 


(p. 245) 


29—Stereoconus plenus Branson and Mehl. Lateral view. Siltstone bed 100 feet above base, 


Harding Quarry. S.U.I. 8286. 


(p. 247) 


30—Stereoconus gracilis Branson and Mehl. Lateral view. Base upper sandstone member, 


Priest Canyon. S.U.I. 8285. 


(p. 247) 
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CHIROGNATHUS TENUIDENTATA Stauffer? 
Plate 27, figure 23 

Chirognathus tenuidentatus STAUFFER, 1935, 
Geol. Soc. America Bull., vol. 46, pp. 139, 158, 
pl. 9, fig. 36; AMSDEN and MILLER, 1942, Jour. 
Paleontology, vol. 16, p. 303, pl. 41, fig. 24; 
Fay, 1952, Univ. Kansas Paleontological Con- 
tributions, Vertebrata, Art. 3, p. 80. 


Base thick, massive, crowned by 5 or 6 
laterally compressed, recurved denticles, 
the second and fourth of which are of superi- 
or size. Cusp occurs directly above apex of 
large, shallow escutcheon, and is the denti- 
cle of maximum size. It is laterally com- 
pressed, blunt pointed, strongly keeled on 
its margins, and flanked on either side by 
considerably smaller denticles. The fourth 
denticle in the series appears to have been 
nearly as large as the cusp, and the anterior 
terminus of the base is marked by a low, 
blunt denticle. 

Remarks.—In the holotype, the 2 large 
denticles are separated by 2 denticles of 
subordinate size. This difference may be of 
specific value, but as the specimen at hand 
is fragmentary, it is here assigned with 
question to C. tenuidentata Stauffer. 

Occurrence-—Shale member, Harding for- 
mation, Little Fountain Creek section, 
Colorado. 

Repository—State University of Iowa, 
8236. 


CHIROGNATHUS UNGULIFORMIS Stauffer 
Plate 27, figure 21 
Chirognathus unguliformis STAUFFER, 1935, Geol. 

Soc. America Bull., vol. 46, pp. 139, 158, pl. 9, 

fig. 41; AMSDEN and MILLER, 1942, Jour. Pale- 

ontology, vol. 16, p. 303, pl. 41, fig. 25; Fay, 

1952, Univ. Kansas Paleontological Contribu- 

tions, Vertebrata, Art. 3, p. 80. 

Base short, thick, notched or only slightly 
excavated on aboral side, surmounted by 
6 or 7 stout, sharp-pointed, widely keeled 
denticles, which curve adorally near their 
distal ends. Cusp is third or fourth denticle 
from anterior end of base, but is only one- 
half the length of the denticle which rises 
immediately anterior to it. Posterior to the 
cusp are 3 short, stout denticles, the middle- 
most being the largest. All denticles are 
laterally compressed and confluent for some 
distance above the base. 

Occurrence.—Shale member, Harding for- 
mation, Harding Quarry section, Colorado. 


WALTER C. SWEET 


Repository.—State University of lowa 
8237. 


CHIROGNATHUS VULGARIS Branson and 
Mehl 
Plate 27, figure 18 
Chirognathus vulgaris BRANSON and MER, 1933 

Missouri Univ. Studies, vol. 8, p. 32, pl. 2, fig. 

30; Fay, 1952, Univ. Kansas Paleontological 

Contributions, Vertebrata, Art. 3, p. 80. 

Base short, relatively 
slightly arched, crowned by 4 to 6 laterally 
compressed denticles with slightly keeled 
anterior and posterior margins. Escutcheon 
shallow, wide, and so broadly arched that 
it is not possible to designate any particular 
denticle as the cusp. The second denticle 
is the longest, and is anteriorly recurved at 
midlength. It is flanked on its anterior side 
by a stout, erect denticle which is only one. 
half its size. The posterior limb of the 
base bears 2 to 4 discrete, sharp-pointed 
denticles which curve inward and are only 
slightly shorter than the single anterior 
denticle. 

Occurrence-—Shale member, Harding for- 
mation, at the Beulah and Little Fountain 
Creek sections, Colorado. 

Repository—State University of Iowa, 
8238. 





CHIROGNATHUS spp. undet. 


Somewhat more than 50 percent of the 
writer’s Harding conodont fauna is refer- 
able to Chirognathus, but much of this 
material is fragmentary and hence specif- 
cally indeterminate. Chirognathus appears 
to be the only ubiquitous conodont genus in 
the Harding, and it has been found in san- 
ples from every bed studied. Eleven of the 
23 species described by Branson and Mehl 
from the Harding were not identified by 
the writer, but it is probable that fragments 
of all of them—and perhaps many more— 
are present in the specifically undetermined 
portion of the chirognathid fauna. 


Genus MIcROCOELODUs Branson and 
Mehl, 1933 


Branson and Mehl give the following | 


description of the genus: 
Dental units consisting of a dominant me 
dian cone which is recurved above its conspicu- 
ously expanded, deeply cupped base. This 5 
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ing length but usually short, on each side, set 
with sharp discrete denticles of minor size. The 
main cone has more or less conspicuous lateral 
carinae and is somewhat flattened on the re- 
curved side. A growth axis is evident through- 
out the length of the main cone. 


The lowest occurrence of Microcoelodus 
isin the Dutchtown formation of Missouri, 
but it is also reported from the McLish and 
Bromide formations of Oklahoma, the 
Joachim of Missouri, the Roughlock and 
and Icebox formations of the Black Hills, 
the Glenwood of Minnesota, pre-Lander, 

t-Deadwood strata in Wyoming, the 
Decorah of Minnesota. In addition, it should 
be noted that Stauffer (1940) reports the 
genus from the Devonian Cedar Valley 
limestone of Minnesota, and Cooper (1939) 
described 3 species from a Lower Mississip- 
pian horizon in Oklahoma. It may be that 
these forms are similar to Microcoelodus 
inform, but different in structure; or they 
may be stratigraphic admixtures. It is also 
possible that these specimens are valid 
species of a genus which is so broadly de- 
fned at present as to include dissimilar 
structural units (7.e., both fibrous and lamel- 
lar conodonts). 

Genotype.— Microcoelodus typus Branson 
and Mehl. 
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Fic. 5—Orientation and terminology 
of Microcoelodus. 


MICROCOELODUS ASYMMETRICUS Branson 
and Mehl 
Plate 28, figure 4 
Microcoelodus asymmetricus BRANSON and MEHL, 


1933, Missouri Univ. Studies, vol. 8, pp. 91, 96, 
pl. 7, figs. 5, 10, 11, 14, 15; BRANSON and MEHL 
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1943, Jour. Paleontology, vol. 17, pp. 376, 383- 
384, pl. 64, figs. 37, 39, 41, 46; BRANson, 1944, 
Missouri Univ. Studies, vol. 19, pp. 69, 71, pl. 
10, figs. 13-14, 24-25, 31-32; Fay, 1952, Univ. 
Kansas Paleontological Contributions, Ver- 
tebrata, Art. 3, p. 130. 


Cusp narrow, delicate, recurved. Cusp 
base conspicuously expanded posteriorly 
to form prominent, narrow buttress. Outer 
lateral wing attenuate, delicate, aborally 
directed, crowned with 3 small, laterally 
confluent, sharp-pointed denticles of sub- 
equal size. Inner wing poorly developed, 
indicated only by one small, sharp, com- 
pressed denticle closely approximated to the 
cusp. Antero-aboral margin of cusp forms 
short, narrow, aborally directed tongue. 

Occurrence.—Shale member, Harding for- 
mation, at the Helena Canyon section, 
Colorado. 

Repository.—State University of Iowa, 
8256. 


MICROCOELODUS EXPANSUS Branson 
and Mehl 
Plate 27, figures 3, 19 
Microcoelodus expansus BRANSON and MERL, 
1933, Missouri Univ. Studies, vol. 8, p. 93, pl. 
6, fig. 7; STAUFFER, 1935, Geol. Soc. America 
Bull., vol. 46, pp. 145-146, pl. 12, figs. 10, 15; 
FuRNISH, BARRAGY, and MILLER, 1936, Am. 
Assoc. Petroleum Geologists Bull., vol. 20, p. 
1334, pl. 1, figs. 11, 13; BRANSON, 1944, Mis- 
souri Univ. Studies, vol. 19, pp. 53, 67, pl. 8, 
figs. 26-27; pp. 69, 71, pl. 10, fig. 33; Younc- 
Quist and CuLLison, 1946, Jour. Paleontol- 
ogy, vol. 20, p. 583; Fay, 1952, Univ. Kansas 
Paleontological Contributions, Vertebrata, 
Art. 3, p. 130. 


Base long, narrow, deeply excavated, 
pointed at each end. Cusp slender, circular 
in cross-section, slightly recurved near mid- 
length. One wing bears 4 small, blunt, dis- 
crete denticles, all of which are of approxi- 
mately the same size. Only 2 denticles occur 
on the other wing. Aboral margin of anterior 
face straight except where broken near mid- 
length by a slight aboral convexity or proc- 
ess. Posterior face widely flaring and strong- 
ly buttressed beneath cusp. 

Remarks.—One fragmentary specimen 
which most probably belongs here is illus- 
trated (Plate 27, fig. 19) but is referred to 
M. expansus with question because the 
wings are apparently incomplete and the 
basal outline is obscured by the large frag- 
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ment of bony material to which it is at- 
tached. 
Occurrence.—Shale member, Harding for- 
mation, at the Beulah section, Colorado. 
Repository—State University of Iowa, 
8258, 8261. 


MICROCOELODUS MAGNICORNIS Branson 
and Mehl 
Plate 29, figure 26 
Microcoelodus magnicornis BRANSON and MEHL, 
1933, Missouri Univ. Studies, vol. 8, pp. 93- 
94, pl. 7, figs. 13, 17; BRANSON, 1944, Missouri 
Univ. Studies, vol. 19, pp. 69, 71, pl. 10, figs. 
27, 37; Fay, 1952, Univ. Kansas Paleontologi- 
cal Contributions, Vertebrata, Art. 3, p. 130. 
Cusp smoothly tapering, slightly re- 
curved, marginally keeled, faintly twisted 
distally. Marginal keels of cusp extend full 
length of unit and expand laterally at base 
to form 2 low, nodose ridges or wings. One 
of these wings bears two blunt, laterally 
confluent denticles, while 4 low nodes sur- 
mount the opposite wing. Anterior margin 
of subapical cavity slightly bowed outward, 
arching highly beneath cusp. Subapical 
cavity shallow, extending beneath long 
wing as tapering groove, and beneath short 
wing as a bluntly pointed excavation. 
Occurrence.—Siltstone bed 100 feet above 
base Harding formation, Harding Quarry 
section; shale member, Harding formation, 
Little Fountain Creek section, Colorado. 
Repository.—State University of Iowa, 
8259. 


MICROCOELODUS SIMPLEX Branson 
and Mehl 
Plate 29, figure 5 
Microcoelodus simplex BRANSON and MERL, 1933, 

Missouri Univ. Studies, vol. 8, p. 95, pl. 6, fig. 

30, pl. 7, fig. 23; p. 160, pl. 7, fig. 18; BRANSON, 

1944, Missouri Univ. Studies, vol. 19, pp. 69, 

71, pl. 10, figs. 48, 54; Fay, 1952, Univ. Kansas 

Paleontological Contributions, Vertebrata, 

Art. 3, p. 130. 

Cusp long, graceful, slightly recurved, 
symmetrically expanded at the base into 
a broad, low cone which is a little less flared 
on the posterior than on the anterior. Each 
wing bears 2 sharp, discrete denticles which 
are somewhat less than half as long as the 
cusp. Cusp slightly keeled on lateral edges, 
and it appears that the denticles rise from 
the basal extension of these keels. Subapical 
cavity deep, conical. 


WALTER C. SWEET 


Occurrence-—Shale member, Harding for. | 


mation at the Helena Canyon section 
Colorado. 

Repository.—State University of low, 
8260. 


MICROCOELODUS UNICORNIS? of 
Branson and Mehl 
Plate 28, figure 21 


Microcoelodus unicornis? BRANSON and Mem, 
1933, Missouri Univ. Studies, vol. 8, p. 160 ol 


’ 


7, fig. 20 [not p. 96, pl. 6, fig. 33, or p. 160, pl.7 

figs. 24-25]. 

Cusp massive, recurved, blunt-pointed, 
laterally keeled. Subapical cavity deep, 
conical, laterally expanded. One low nodose 
denticle rises from the lateral expansion of 
the base on each side of the cusp. Anterior 
aboral margin convex below cusp to form 
distinct process. Posterior aboral margin 
broadly and highly arched. Cusp base 
prominently buttressed on posterior side. 

Remarks.—Specimens of this large, dis. 
tinctly fibrous form are common in the 
Harding fauna. They appear to be identical 
with the Joachim form illustrated by Bran. 
son and Mehl as M. unicornis?, and they 
are being identified with that form even 
though the specific reference is in question. 

Occurrence.—Shale member, Harding for- 
mation, at the Little Fountain Creek, and 
Beulah sections; six-inch shale 6.7 feet 
above base Harding formation, Harding 
Quarry locality, Colorado. 

Repository.—State University of Iowa, 
8262. 


Genus Mrxoconus Sweet, n. gen. 


Simple, sharp-pointed, fibrous cones with 
unexcavated or only shallowly excavated 
bases. Lateral faces symmetrical or nearly 
so; each bisected longitudinally by a broad- 
ly rounded, aborally widening carina. Both 
anterior and posterior margins smooth, 
rounded. Anterior and posterior margins, 
as well as lateral carinae, flare broadly 
outward near base to form 4 blunt lobes, 
the anterior lobe or process being directed 
more downward than the others. 

Remarks.— Mixoconus is apparently inter- 
mediate between Stereoconus Branson and 
Mehl and Erismodus Branson and Mell. 
The unexcavated base and general sym- 
metry of Mixoconus, together with its 
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gbrous nature, indicates that it is only 
dightly more advanced than Stereoconus, 


| hile the production of rudimentary lateral 
| Jobes, an anterior process, and a posterior 


buttress, is suggestive of the simple forms of 


Frismodus. , 
Genotype-—Mixoconus primus Sweet, n. 


ia 


MIXOCONUS PRIMUS Sweet, n. sp. 
Plate 28, figures 27, 28 


A nearly symmetrical, regularly tapering 
imple cone with an over-all length of 1.50 
am. and a basal width of 0.5 mm. Base 
apanded, slightly excavated; filled with 
bluish-white bone-like material. Axis of 
usp inclined to basal plane at an angle of 
about 45°, and deflected at mid-length so 
that an interior angle of about 170° is formed 
between the proximal and distal portions of 
the cone. Nearly a third of the lateral faces 
isoccupied by well defined, broadly convex, 
distally twisting carinae. A narrow carina 
beginning a short distance above the base 
ad closely approximated to the major 
lateral carina, occurs on each lateral face 
between the lateral carina and the posterior 
margin of the cusp. Posterior and anterior 
margins smooth, broadly rounded. Lateral 
carinae flare outward at base to form short, 
blunt lobes. Posterior margin widely ex- 
panded at base to form distinct buttress; 
aiterior margin lobate, more’ sharply 
rounded than posterior margin, directed 
dightly aborad as a crude process. 

Occurrence—Shale member, Harding for- 
mation, at Beulah, Colorado. 

Repository.—State University of Iowa, 
$248. 


Genus PTILocoNus Sweet, n. name 
[=PTERocoNUs Branson and Mehl, 
1933 not PrEROcOoNUs Green, 
1900] 


In his Catalogue of Conodonts, Fay (1952, 
p. 179) points out that the name Pteroconus 
was first used by Hinde (in Fox, 1900) for 
Nereitopsis Green (1899), a fossil pteropod 
The new name Pteroconus, ascribed by 
Hinde to Green, was proposed as a sub- 
stitute for Nereitopsis as that name seemed 


| Inappropriate to Hinde—a practice specifi- 





| «ally prohibited by Article 32 of the Inter- 


national Rules of Nomenclature. Therefore, 
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Fic. 6—Orientation and terminology 
of Ptiloconus. 


it is clear that the conodont generic name 
Pteroconus Branson and Mehl is a junior 
homonym of Pteroconus Green, which is a 
junior objective synonym of WNerettopsis 
Green. Both Pteroconus Green and Ptero- 
conus Branson and Mehl must then be 
suppressed according to Article 36 of the 
Rules. In view of this discussion, Dr. M. G. 
Mehl, the only survivor of the original 
authorship of Pteroconus Branson and 
Mehl, has suggested that the writer propose 
a new name for their conodont genus. Ac- 
cordingly, the name Ptiloconus is herein 
erected by the writer to replace Pteroconus 
Branson and Mehl [not Green], with 
Ptiloconus [Pteroconus| gracilis (Branson 
and Mehl) as the genotype. 

Ptiloconus may be briefly diagnosed as 
follows: comparatively slender, recurved 
cones with moderately expanded, deeply 
excavated, laterally compressed bases. Oral 
surface of base on posterior side of cusp 
bears a few short, sharp-pointed, nearly re- 
cumbent denticles. One or two small, sharp, 
inclined denticles rise from near the aboral 
margin of the cusp in a position nearly op- 
posite to the denticles of the oral margin. 

Ptiloconus is apparently restricted to rocks 
of Middle and Upper Ordovician age. It 
has been reported [as Pteroconus] from the 
Dutchtown, Joachim, Plattin, and Kimms- 
wick formations of Missouri, the Decorah 
formation of Minnesota, the McLish and 
lower Viola formations of Oklahoma, the 
pre-Lander, post-Deadwood sequence of 
the Bighorn Mountains of Wyoming, and 
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the Icebox and Roughlock formations of the 
Black Hills of South Dakota. Cooper (1939) 
reports two questionable species of the 
genus from a Middle Mississippian horizon 
in Oklahoma, but the descriptions and illus- 
trations of these specimens do not show 
them to be typical representatives of the 
genus. 

Genotype.—Ptiloconus gracilis (Branson 
and Mehl). 


PTILOCONUS COMPRESSUS (Branson and 
Mehl) 
Plate 28, figure 1 
Pteroconus compressus BRANSON and MERL, 1933, 

Missouri Univ. Studies, vol. 8, pp. 111-112, pl. 

8, fig. 31; BRANSON and MEHL, 1933, Missouri 

Univ. Studies, vol. 8, p. 163, pl. 9, fig. 20; 

BRANSON, 1944, Missouri Univ. Studies, vol. 19 

pp. 57, 80, 82, pl. 11, figs. 17, 44; Fay, 1952, 

Univ. Kansas Paleontological Contributions, 

Vertebrata, Art. 3, p. 179. 

Cusp laterally compressed, sharp-pointed, 
keeled on antero-aboral margin. Oral edge 
of cusp extended abruptly upward near cusp 
base, and crowned by 3 low, nodular denti- 
cles. A short, sharp, discrete, anteriorly 
directed denticle rises from the antero- 
aboral margin of the base. Basal excavation 
broad, shallow, laterally compressed. 

Occurrence.—Siltstone bed 100 feet above 
base Harding formation, at the Harding 
Quarry section, Colorado. 

Repository.—State University of Iowa, 
8277. 


PTILOCONUS GRACILIS (Branson and 
Mehl) 
Plate 28, figures 6, 20 


Pteroconus gracilis BRANSON and MeEuHL, 1933, 
Missouri Univ. Studies, vol. 8, p. 111, pl. 8, 
figs. 28, 30, 32, 35; STAUFFER, 1935, Jour. Pale- 
ontology, vol. 9, p. 617, pl. 75, fig. 1; AMSDEN 
and MILLER, 1942, Jour. Paleontology, vol. 
16, p. 303, pl. 41, fig. 18; BRANSON and MERL, 
1944, in Shimer and Shrock, Index Fossils of 
North America, p. 241, pl. 93, fig. 69; BRAN- 
SON, 1944, Missouri Univ. Studies, vol. 19, pp. 
80, 82, pl. 11, figs. 51, 53, 58, 64; PoLLAckK, 
1951, Unpublished M.S. Thesis, Univ. Okla- 
homa, pp. 36-37, pl. 6, fig. 12; Fay, 1952, Univ. 
Kansas Paleontological Contributions, Verte- 
brata, Art. 3, p. 179. 


Cusp laterally compressed, faintly keeled 
on its anterior and posterior edges, grace- 
fully but distinctly recurved. Two sharp, 
discrete, posteriorly deflected denticles oc- 
cur on the oral margin of the base, and two 
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sharp-pointed, laterally confluent denticles | 
rise from the inner antero-aboral Margin | 
of the base. Basal cavity deep, conical, yit, | 
apex at anterior margin of cusp. A ya 


defined, nearly straight growth axis extend, 
from the apex of the basal cavity into th 
cusp. As the axis does not curve with th 
cusp, it lies close to the posterior Margin 
near mid-length. 

Occurrence.—Shale member, Harding {g,. 
mation, at the Beulah, Harding Quarp, 
Helena Canyon, and Little Fountain Cree 
sections, Colorado; also base of upper sand. 
stone member, Harding formation, Prieg 
Canyon section. 

Repository.—State University of Iowa 
8278, 8279. 


PTILOCONUS TORTUs (Branson and Mehl) 
Plate 28, figure 11 

Pteroconus tortus BRANSON and MERL, 1933, Mis. 
souri Univ. Studies, vol. 8, p. 112, fig, 33: 
BRANSON, 1944, Missouri Univ. Studies, vol 
19, pp. 80, 82, pl. 11, fig. 59; Fay, 1952, Uniy, 
Kansas Paleontological Contributions, Verte. 
brata, Art. 3, p. 179. 


Small, recurved, markedly keeled, lateral. 
ly compressed cones, bearing on posterior 
and anterior edges of flaring bases a series 
of low, confluent, blunt denticles. Cusp, 
outer lateral face, and wings confined to 
nearly the same vertical plane, but inner 
portion of basal sheath flares conspicuously 
in area outlined by base of cusp and wings. 
Posterior wing bears 3 posteriorly directed 
denticles; anterior wing surmounted by ? 
anteriorly deflected denticles. Distal por- 
tion of cusp twisted so that anterior keel is 
displaced toward the anterior portion of the 
outer lateral face in its upper part. Basal 
cavity deep, conical, retaining large frag- 
ment of bone. 

Occurrence.—Shale member, Harding for- 
mation, at the Beulah, Harding Quarry, 


Helena Canyon, and Little Fountain Creek | 


sections, Colorado. 
Repository.—State University of Iowa 
8280. 
Genus STEREOCONUS Branson and 
Mehl, 1933 


To Stereoconus are referred all simple 
cones with a fibrous structure and no basal 
excavation or “‘pulp cavity.” 

The lowest recorded occurrence of Stert- 
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Fic. 7—Orientation and terminology 
of Stereoconus. 


nus is in the upper portion of the Mara- 
thon formation in the Marathon Basin of 
Texas. Other representatives of the genus 
have been reported from the Joachim of 
Missouri, the pre-Lander, post-Deadwood 
squence of the Bighorn Mountains of 
Wyoming, and the Glenwood beds of Min- 
nesota. Rhodes (1953, p. 289) lists an addi- 
tional species from the Pen-y-garnedd lime- 
stone (lower Upper Ordovician) of Wales. 

Genotype-—Stereoconus gracilis Branson 
and Mehl. 


STEREOCONUS GRACILIS Branson and 
Mehl 
Plate 28, figure 30 
Stereoconus gracilis BRANSON and MEHL, 1933, 
Missouri Univ. Studies, vol. 8, p. 27, pl. 1, figs. 
30, 31; STAUFFER, 1935, Geol. Soc. America 
Bull., vol. 46, p. 153, pl. 12, figs. 25, 32; AMs- 
bDEN and MILLER, 1942, Jour. Paleontology, 
vol. 16, p. 303, pl. 41, fig. 22; BRANSON and 
MEHL, 1944, zn Shimer and Shrock, Index Fos- 
sils of North America, p. 237, pl. 93, figs. 16, 
21; Fay, 1952, Univ. Kansas Paleontological 
Contributions, Vertebrata, Art. 3, p. 190. 
Long, slender, recurved cones which are 
fibrous in structure, and have no basal 
excavation. Lateral faces concave, one 
slightly more so than the other. Posterior 
margin broadly rounded; anterior edge 
sharp and slightly keeled for the major 
part of its length. As in other species of 
Stereoconus the heart-shaped attachment 
scar is bounded by a faint, lip-like expansion 
of the cusp base. 
Occurrence.—Shale member, Harding for- 
mation, at the Beulah, Harding Quarry, 
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Mountaindale Ranch, Helena Canyon, and 
Little Fountain Creek sections; six-inch 
shale 6.7 feet above base, and siltstone bed 
100 feet above base, Harding Formation, 
Harding Quarry section; also base upper 
sandstone member, Harding formation, 
Priest Canyon section, Colorado. 

Repository.—State University of Iowa, 
8285. 


STEREOCONUS PLENUS Branson and Mehl 
Plate 28, figure 29 
Stereoconus plenus BRANSON and MEHL, 1933, 

Missouri Univ. Studies, vol. 8, pp. 27-28, pl. 

1, figs. 19-21; BRANSON and MEHL, 1933, Mis- 

souri Univ. Studies, vol. 8, pp. 79-80, pl. 6, fig. 

6; AMSDEN and MILLER, 1942, Jour. Paleontol- 

ogy, vol. 16, p. 303, pl. 41, fig. 9; Fay, 1952, 

Univ. Kansas Paleontological Contributions, 

Vertebrata, Art. 3, p. 190. 

Short, stout, sharply recurved fibrous 
cones with no basal excavation. Anterior 
margin of cusp sharp; posterior margin 
broadly rounded. Lateral constriction prom- 
inent. Basal outline heart-shaped. 

Occurrence.—Six-inch shale 6.7 feet above 
base, and siltstone bed 100 feet above 
base Harding formation, at the Harding 
Quarry section, Colorado; shale member, 
Harding formation, at the Helena Canyon 
locality. 

Repository.—State University of Iowa, 
8286. 


STEREOCONUS ROBUSTUS Branson 
and Mehl 
Plate 28, figure 25 
Stereoconus robustus BRANSON and MEHL, 1933, 

Missouri Univ. Studies, vol. 8, p. 27, pl. 1, figs. 

28-29; GRAVES and ELLison, 1941, Missouri 

Univ. School of Mines and Metallurgy Bull., 

Tech. Ser., vol. 14, p. 4, pl. 1, fig. 29; AMSDEN 

and MILterR, 1942, Jour. Paleontology, vol. 

16, p. 303, pl. 41, fig. 8; Fay, 1952, Univ. Kan- 

sas Paleontological Contributions, Vertebrata, 

Art. 3, p. 190. 

Stout, recurved, fibrous cones whose 
lateral faces are slightly to strongly con- 
cave, one face generally more so than the 
other. Posterior margin broadly rounded; 
anterior edge sharp, not keeled. Attachment 
scar lachrymiform in outline. 

Occurrence.—Six-inch shale 6.7 feet above 
base, and siltstone bed 100 feet above 
base, Harding formation, Harding Quarry 
locality; shale member, Harding formation, 
at the Helena Canyon, Little Fountain 
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Creek, and Mountaindale Ranch sections, 
Colorado. 

Repository —State University of Iowa, 
8287. 


Family TRUCHEROGNATHIDAE Branson 
and Mehl, 1944 
Genus AMORPHOGNATHUS Branson and 
Mehl, 1933 


Amorphognathus includes irregularly lo- 
bose, fibrous, platform type conodonts, 
whose oral surfaces are nodose, crenulated, 
or constructed of more or less fused denti- 
cles. The aborai surface of each lobe is 
keeled, and the keels meet in a knot beneath 
the junction of the lobes. 
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Fic. 8—Orientation and terminology 
of Amor phognathus. 


Polyplacognathus Stauffer is now con- 
sidered to be a synonym of Amorphognathus 
Branson and Mehl (Ellison, 1946, p. 109). 
This genus, which is apparently the most 
advanced of the fibrous conodonts, is known 
in North America and Great Britain from 
rocks of Middle and Upper Ordovician age. 
The presence of the genus in the Harding 
marks its lowest recorded occurrence in 
North America, although similar forms from 
the Llandeilo of Wales may be somewhat 
older than the Harding specimens (Rhodes, 
1953, pp. 281-284). 

Genotype.—A mor phognathus ordovicica 
Branson and Mehl. 


AMORPHOGNATHUS RAMOSA (Stauffer) 
Plate 29, figures 9, 10, 11, 17, 23, and 25 


Polyplacognathus ramosus STAUFFER, 1935, Jour. 


Paleontology, vol. 9, p. 615, pl. 75, figs, 23 2% 
31, 37. ™" 
Amorphognathus ramosa BRANSON and Men, 
1944, im Shimer and Shrock, Index Fosgij. d 
North America, p. 237, pl. 93, figs. 5-6; Bray. 


’ 


SON, 1944, Missouri Univ. Studies, vol, 19 
81, 89, pl. 12, figs. 33-36; Fay, 1952, Univ. Ke 
sas Paleontological Contributions, Vertebray, 
Art. 3, p. 63. 
Elongate denticulated platforms wit, 
4 aborally curving lobes which bear on thei, 
oral surfaces thick ridges or carinae forme 
by the lateral fusion of nodose or spike-like 
denticles. Aboral surface of each lobe bears 
a prominent median keel which joins thoy 
of the other lobes in a knot beneath the 
junction of the lobes. Central platform e. 
tended anteriorly as a long, arched lobe 
with a high median crest of fused nodes and 
a bordering series of low, indistinct denticles, 
Both lateral lobes are apparently bifid jy 
at least their distal portions. 
Remarks.—Only one complete specimen 
of this species occurs in the writer’s Harding 
collection, but several fragments which 
almost certainly belong here are also illus. 
trated. The Harding form agrees favorably 
with the two specimens described from the 
Kimmswick limestone of Missouri. 
Occurrence.-—Shale member, Harding for. 
mation, at the Harding Quarry, and Beulah 
sections, Colorado. 
Repository —State University of Iowa, 
8213-8217. 


AMORPHOGNATHUS LINGUALIS Sweet, 
n. sp. 


Plate 29, figure 24 


Elongate, gently arched, — unilobate, 
fibrous platform surmounted by 3 irregu- 
larly aligned, longitudinal rows of low, 
nodose denticles, the middlemost of which 
consists of the largest, most nearly discrete 
denticles. Oral surface tapers to a blunt 
point at the anterior end, and is irregularly 
rounded at its posterior extremity. Near the 
posterior end of the platform, the individual 
denticles in the longitudinal rows are later- 
ally confluent with denticles in adjacent 
rows so as to produce an apparent trams 
verse lineation. Aboral surface longitudinal- 
ly keeled. Position of a bony fragment re 
tained at the base indicates that the mode 
of attachment is of ‘‘tongue-in-groove 
type. 
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Remarks—The absence of lateral lobes 
in this specimen may well be a property of 
generic rather than specific significance. 
However, since A morphognathus is known at 
resent from such a few specimens, it seems 
unwise to suggest such a subdivision at this 
ime based on only a single specimen. 

Occurrence.—Shale member, Harding for- 
mation, Harding Quarry section, Colorado. 

Repository.—State University of Iowa, 


§212. 


Genus CURTOGNATHUS Branson and 
Mehl, 1933 


Comparatively narrow, arched bars whose 
aboral surfaces are unexcavated and whose 
oral surfaces are surmounted by slender, 
discrete, divergent denticles of subequal 
ize. The genus is clearly related to Poly- 
caulodus Branson and Mehl, but differs from 
it primarily in that its unexcavated base is 
arched rather than more or less confined toa 
ingle, horizontal plane. 








ORAL APICAL DENTICLE 
DENTICULATE aia DENTICULATE 
BAR BAR 

ABORAL ARCHED FLAT BASE 


CURTOGNATHUS 
LATERAL VIEW (X 40) 

















Fic. 9—Orientation and terminology 
of Curtognathus. 


Curtognathus was first recognized in the 
Joachim formation of Missouri, and its 
presence has been established since that 
time in the Plattin limestone of Missouri, 
and the McLish and Bromide formations 
of Okiahoma. The writer has also found 
representatives of this genus in his samples 
from the Glenwood shale of northeastern 
lowa. 

Genotype—Curtognathus typa Branson 
and Mehl. 


CURTOGNATHUS CALYCULOIDES Branson 
and Mehl 
Plate 29, figure 21 


Curtognathus calyculoides BRANSON and MEHL, 
1933, Missouri Univ. Studies, vol. 8, p. 88, pl. 
5, fig. 18, pl. 7, fig. 19; Fay, 1952, Univ. Kan- 
sas Paleontological Contributions, Vertebrata, 
Art. 3, p. 84. 


Based arched, slightly cupped, bearing 7 
discrete, slightly flattened, divergent denti- 
cles, all of which are subequal in length and 
cross sectional area. The denticle directly 
above the apex of the base is somewhat 
stouter and also somewhat longer than are 
those on the lateral wings. All denticles are 
slightly recurved, but the major part of 
their length is confined to the same vertical 
plane. Anterior face slightly curved aborally, 
slightly convex outward. Aboral margin of 
posterior face markedly arched, strongly 
buttressed, broadly flaring inward. 

Occurrence.—Shale member, Harding for- 
mation, at the Beulah section, Colorado. 

Repository—State University of Iowa, 
8257. 


CURTOGNATHUS LIMITARIS Branson 
and Mehl 
Plate 29, figure 16 

Curtognathus limitaris BRANSON and MEHL, 1933, 
Missouri Univ. Studies, vol. 8, pp. 88, pl. 5, 
figs. 17, 23, 25; BRANSON and MERL, 1943, 
Jour. Paleontology, vol. 17, pp. 376, 384, pl. 
64, figs. 20, 49; BRANSON, 1944, Missouri Univ. 
Studies, vol. 19, pp. 69, 71, pl. 10, figs. 30, 42, 
44; Fay, 1952, Univ. Kansas Paleontological 

Contributions, Vertebrata, Art. 3, p. 85. 


Base conspicuously and highly arched, 
bearing on oral surface 6 short, stout, dis- 
crete, pointed denticles whose cross-section 
is nearly circular. Short limb of base bears 
one denticle; long limb bears 4 subequal 
denticles. Crest of arch surmounted by a 
denticle which is somewhat larger than the 
others. Aboral outline lachrymiform, the 
terminus of the short limb being broadly 
rounded while the long limb tapers regu- 
larly to a point. A large fragment of bone is 
retained in the upper part of the basal arch. 

Occurrence.—Shale member, Harding for- 
mation, at the Harding Quarry section, 
Colorado. 

Repository.—State University of Iowa, 
8244. 
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Genus POLYCAULODUS Branson and 
Mehl, 1933 


Bar or plate-like conodonts with nearly 
flat aboral surface. Oral surface completely 
occupied by subcircular, discrete denticles 
which are generally subequal in size. One 
denticle, however, is usually larger than the 
others, but it occupies no constant position 
in the series. 

Polycaulodus has been reported only from 
rocks of Middle Ordovician age. It is known 
to occur in the Joachim, Dutchtown, and 
Plattin formations of Missouri, the Spechts 
Ferry and Ion members of the Decorah 
formation in Minnesota and Iowa, the lower 
and upper portions of the Bromide forma- 
tion of Oklahoma, and pre-Lander, post- 
Deadwood strata in the Bighorn Mountains 
of Wyoming. The genus is apparently most 
numerous and diversified in the Plattin 
limestone of Missouri. 

Genotype.—Polycaulodus inclinatus Bran- 
son and Mehl. 
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Fic. /0—Orientation and terminology 
of Polycaulodus. 


POLYCAULODUS BIDENTATUS Branson 
and Mehl 
Plate 28, figure 5 


Polycaulodus bidentatus BRANSON and MERL, 
1933, Missouri Univ. Studies, vol. 8, p. 106, pl. 
8, figs. 9, 12; AMSDENand MILLER, 1942, Jour. 
Paleontology, vol. 16, p. 303; BRANSON and 
MEHL, 1943, Jour. Paleontology, vol. 17, pp. 
376, 382-3, 385, pl. 64, figs. 15, 29; BRANSON, 
1944, Missouri Univ. Studies, vol. 19, pp. 80, 
82, pl. 11, figs. 4-6; Fay, 1952, Univ. Kan- 
sas Paleontological Contributions, Vertebrata, 
Art. 3, p. 147. 


Base flat, elliptical in horizontal section, | 
Oral surface completely occupied by oo 
straight, inclined denticles, one of which is 
nearly three times the size of the other. Both 
denticles slightly compressed, unkeele 
sharp-pointed, showing faint growth axes 

Occurrence.—Shale member, Harding 
formation, Helena Canyon section, Colo, 
rado. 

Repository.—State University of Iowa 
8270. | 


POLYCAULODUS CORNULATUS Branson 
and Mehl 
Plate 29, figure 20 

Polycaulodus cornulatus BRANSON and Mem, 

1933, Missouri Univ. Studies, vol. 8, p. 106, ol 

8, figs. 9, 12; BRANSON, 1944, Missouri Uniy, 

Studies, vol. 19, pp. 80, 82, pl. 11, figs. 18, 2. 

Fay, 1952, Univ. Kansas Paleontological Con. 

tributions, Vertebrata, Art. 3, p. 147. 


Base slightly concave, nearly twice as 
long as wide. Oral surface completely o. 
cupied by 3 discrete, slightly compressed 
denticles, the middlemost of which is the 
longest. Each of the 3 denticles is gracefully | 
curved laterally, and each has a conspicuous | 
growth axis. 

Occurrence.—Shale member, Harding for- 
mation, at the Beulah section; also six-inch 
shale bed 6.7 feet above base, Harding for. 
mation, Harding Quarry locality, Colorado. 

Repository.—State University of Iowa, 
8271. 


POLYCAULODUS PECULIARIS Branson 
and Mehl? 
Plate 28, figure 15 
Polycaulodus peculiaris BRANSON and MEH, 
1933, Missouri Univ. Studies, vol. 8, p. 107, 
pl. 8, fig. 4; BRANSON, 1944, Missouri Univ. | 
Studies, vol. 19, pp. 80, 82, pl. 11, fig. 7; Fay, 
1952, Univ. Kansas Paleontological Contribu- | 
tions, Vertebrata, Art. 3, p. 148. 
Base slightly twisted, shallowly exc 
vated, suboval in outline. Oral surface oc 
cupied by two denticles, one of which is 
more than 4 times as large and long as the 
other. Major denticle sharp-pointed, ut- 
keeled, and inclined at an angle of about 6” 
to the plane of the base. Smaller denticl 
low, massive, blunt-pointed, nearly erect. | 
Both denticles subcircular in section; neither | 
shows development of a growth axis. 
Remarks.—In the holotype, the smal | 
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jentile is more delicate, and somewhat 


| more discrete than is that of the Harding 


specimen, also, the base of the Harding form 
is not as markedly twisted as is that of the 
holotype. Because of these differences, the 
Harding specimen is only questionably allied 
yith the type of P. peculiaris Branson and 
hl. 
)—— member, Harding for- 
nation, Beulah section. 
Repository —State University of Iowa, 
§272. 


PoLYCAULODUS REVERSUS Sweet, n. sp. 
Plate 28, figure 26 


Base flat, unexcavated, massive, suboval 
in outline. Oral surface crowned by 3 large, 
discrete, slightly curved denticles which are 
blunt-pointed and subcircular in outline. 
One small node occurs at each end of the 
denticulated series, closely appressed to the 
adjacent major denticle. Major denticles 
grade downward in size in the direction of 
curvature or inclination. A growth axis, 
which is somewhat straighter than the denti- 
deis apparent in the largest denticle. 

Remarks—In number and size arrange- 
ment of denticles, P. reversus is related to 
P. tridentatus Branson and Mehl. It differs 
from that form, however, in the reversal of 
denticle inclination, and in the development 
of additional nodes at each end of the series. 

Occurrence.—Shale member, Harding for- 
mation, Beulah, Colorado. 

Repository.—State University of Iowa, 
$275. 


POLYCAULODUS TRIDENTATUS Branson 
and Mehl 
Plate 28, figures 2, 19 

Polycaulodus tridentatus BRANSON and MEHL, 
1933, Missouri Univ. Studies, vol. 8, p. 106, pl. 
8, figs. 5-7, 10; BRANSON and MEHL, 1943, 
Jour. Paleontology, vol. 17, pp. 376, 382, pl. 
64, figs. 27-28 [not p. 385, pl. 64, fig. 14]; BRAN- 
SON, 1944, Missouri Univ. Studies, vol. 19, 
pp. 80, 82, pl. 11, figs. 11-13, 25; Fay, 1952, 
Univ. Kansas Paleontological Contributions, 
Vertebrata, Art. 3, p. 148. 


Base shallowly excavated, lachrymiform 
in outline. Oral surface bears 3 denticles, 
all of which incline at nearly the same angle 
toward the rounded end of the base. Denti- 
cles grade downward in size and length 
from longest at rounded end of base to 
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shortest at the other end. Denticles slightly 
compressed laterally, sharp-pointed, abrupt- 
ly recurved at mid-length, showing well- 
developed growth axes. 

Occurrence-—Shale member, Harding for- 
mation, at the Beulah, Harding Quarry, 
Mountaindale Ranch sections; six-inch shale 
6.7 feet above base Harding formation, and 
100 feet above base Harding formation, 
Harding Quarry section, Colorado. 

Repository.—State University of Iowa, 
8273-8274. 


Suborder CONODONTIFORMES Branson 
and Mehl, 1944 
Family DisTACODIDAE Ulrich and 
Bassler, 1926 
Genus O1stopus Pander, 1856 


Simple cones in which the base is broad, 
conspicuously expanded, and deeply cupped. 
In general, the cusp is markedly recurved, 
flattened, slightly keeled on its anterior and 
posterior margins, and unornamented later- 
ally. The degree and abruptness of curva- 
ture and the outline of the base form the 
basis of specific subdivision. 

Oistodus has been found in only Ordovi- 
cian rocks, and most of its common species 
range from the Lower through the Upper 
Ordovician. Geographically, it is wide- 
spread; it has been reported from North 
America, Europe, and Australia. 

Genotype.—Oistodus lanceolatus Pander. 


OISTODUS CURVATUS Branson and Mehl 
Plate 28, figure 7 


Oistodus curvatus BRANSON and MEHL, 1933, 
Missouri Univ. Studies, vol. 8, pp. 110, 111, 
pl. 9, figs. 4, 10, 12; STAUFFER, 1935, Geol. Soc. 
America Bull., vol. 46, pp. 146, 159, pl. 12, figs. 
20, 23-24, 27, 29-30, 36; STAUFFER, 1935, Jour. 
Paleontology, vol. 9, p. 609, pl. 74, figs. 5, 10, 
12, 17, 20-23, 25-29, 31, 33-40, 47-49; Fur- 
NISH, BARRAGY, and MILLER, 1936, Am. Assoc. 
Petroleum Geologists Bull., vol. 20, p. 1334, pl. 
1, fig. 8, pl. 2, figs. 17-18; GRAVEs and ELLI- 
SON, 1941, Missouri Univ. School of Mines and 
Metallurgy Bull., Tech. Ser., vol. 14, p. 4, 6-7, 
pl. 1, fig. 8, pl. 3, figs. 17, 21, 24, 27; AMSDEN 
and MILLER, 1942, Jour. Paleontology, vol. 
16, p. 303, fig. 2B; BRANSON, 1944, Missouri 
Univ. Studies, vol. 19, pp. 81, 89, pl. 11, figs. 8, 
25, 30, pl. 12, figs. 37-38; Fay, 1952, Univ. 
Kansas Paleontological Contributions, Verte- 
brata, Art. 3, p. 134. 


Small, markedly recurved lamellar cones 
with moderately expanded, deeply cupped 
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bases. Anterior portion of base more promi- 
nent and more flaring than posterior portion. 
Cusp oval in cross-section, more convex 
to one side than to the other. 

Occurrence.—Shale member, Harding for- 
mation, at the Beulah locality; also siltstone 
bed 100 feet above base Harding formation, 
Harding Quarry section, Colorado. 

Repository.—State University of Iowa, 
8265. 


Genus PALTopus Pander, 1856 


Pander’s figures leave little doubt as to 
the general form of the simple lamellar 
cones which should be referred to this genus. 
The cross-section of the slightly curved cusp 
is asymmetrical; the lateral faces are more 
or less deeply grooved or fluted. In most of 
the type material, one lateral face is more 
ornate than the other. The base is only 
slightly flaring, and the basal cavity is 
conical, and moderate in size. 

Paltodus is reported from rocks which 
range in age from Lower Ordovician to 
Upper Silurian. It appears to have reached 
the climax of its development and diversity 
in the Upper Ordovician, however. 

Genotype.—FPaltodus subaegualis Pander. 


PALTODUS sp. 
Plate 28, figure 16 


Only one specimen of Paltodus occurs in 
the writer’s Harding fauna, and it does not 
appear to be closely allied to any described 
species. It is a simple, slightly recurved, 
distally twisted cone, whose moderately 
ornamented lateral faces are distinctly 
asymmetrical. Both the posterior and an- 
terior margins are broadly rounded, as is 
the major portion of the outer lateral face. 
A deep, narrow furrow on the inner face 
extends from an emargination in the cusp 
base to about a third the cusp height. This 
groove is bordered on its anterior margin 
by a sharp carina which twists laterally to 
the tip of the cusp. The posterior portion of 
the broadly rounded outer lateral face bears 
a shallow, longitudinal groove which ex- 
tends from the cusp base to the midportion 
of the cusp. The distal cross-section is lens- 
like. The base is shallow, and subconical in 
shape. 

Occurrence.—Shale member, Harding for- 
mation, at the Helena Canyon locality, 
Colorado. 


WALTER C. SWEET 





Repository.—State University of lowa | 
8268. : 


Genus ScoLopopus Pander, 1856 


To Scolopodus, Pander referred all those | 
simple lamellar cones with convex, more . 
less ribbed surfaces. He further added tha 
these forms could be distinguished fron 
other types of simple cones by their white | 
color and lack of keels. 


Scolopodus is based upon specimens from, | 


the Lower Ordovician Glaukonitsand ¢ | 
Estonia, and nearly all of the representatives 
of the genus in North America have com 
from rocks of Lower Ordovician age, | 
is, however, known from the Upper Ordoyj. 
cian Maravillas formation of the Marathon 
Basin in Texas, and the presence of the 
genus in Harding strata indicates that it 
ranges throughout the Ordovician. Thog 
specimens which have been reported from 
rocks other than Ordovician in age haye 
been determined to be selachian remains 
rather than conodonts. 
Genotype.—Scolopodus sublaevis Pander. 


SCOLOPODUS BREVIS Sweet, n. sp. 
Plate 28, figures 13, 23 


Low, broad, blunt pointed cones which 
are subcircular in cross-section, and widely 
striated or longitudinally ribbed on the 
lower half of their lateral faces. Cone 
slightly recurved near its distal end, and 
more or less deeply excavated and slightly 
expanded at base. Cotypes are white in color, 
and retain a large fragment of bluish-white 
bone in the conical basal cavity. 

Occurrence.—Shale member, Harding for- 
mation, at the Beulah locality, Colorado. 


Repository—State University of Iowa, 


8281, 8282. 


Family PRIONIODIDAE Ulrich and 
Bassler, 1926 
Genus Corpy.Lopbus Pander, 1856 


Cordylodus may be briefly described as 


consisting of lamellar conodonts with a | 


long, compressed, deeply excavated base. 
The cusp is smooth, recurved, pointed, oval 
to elliptical in cross-section. Minor denticles 
rise from the oral margin of the base posteri- 
or to the cusp. 


In addition to Cordylodus, several closely | 


related genera have been recognized within 
the same general group. Subcordylodus 
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Fic. 1/—Orientation and terminology 
of Cordylodus. 


Plectodina, and Barbarodina stand very 
close to Cordylodus morphologically, and 
their relationship is evident. Indeed, it has 
been suggested (Ellison, 1946) that the lat- 
ter genera are synonyms of Cordylodus. 
However, Pander’s illustrations of the type 
material indicate that only those cordylodids 
in which the minor denticles rise from the 
oral surface of the sheathed basal cavity 
are properly referable to Cordylodus. Generic 
distinction appears to be quite valid, then, 
for forms which are closely related, but in 
which the oral margin of the posterior edge 
of the cusp is produced as an aborally 
grooved bar or process, posterior to the 
basal cavity. Consequently, the writer is 
referring to Cordylodus only those specimens 
which do not have a posterior, aborally 
grooved bar. Barred forms are placed in 
Subcordylodus. 

Cordylodus is known in North America 
and Europe from rocks which range from 
Lower Ordovician to Upper Silurian in age; 
however, it appears to have reached the 
climax of its development in the Middle 
Ordovician. 

Genotype-—Cordylodus angulatus Pander. 


CoRDYLODUS CONCINNUS Branson and 
Mehl 
Plate 28, figure 8 


Cordylodus concinnus BRANSON and MERL, 1933, 
Missouri Univ. Studies, vol. 8, p. 117, pl. 10, 
figs. 1-3; FURNISH, BARRAGY, and MILLER, 
1936, Am. Assoc. Petroleum Geologists Bull., 
vol. 20, p. 1334, pl. 1, fig. 6; GRAVES and ELLI- 
son, 1941, Missouri Univ. School of Mines and 
Metallurgy Bull., Tech. Ser., vol. 14, pp. 5, 7, 
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pl. 3, fig. 30; AMSDEN and MILLER, 1942, Jour. 
Paleontology, vol. 16, p. 303, pl. 41, fig. 19; 
BRANSON, 1944, Missouri Univ. Studies, vol. 19, 
p. 79; Fay, 1952, Univ. Kansas Paleontological 
Contributions, Vertebrata, Art. 3, p. 82. 
Cusp slightly recurved, nearly erect, 
laterally compressed. Posterior extension 
of cusp base horizontal, laterally flexed, 
orally denticulate. Recurved aboral exten- 
sion of cusp terminates posteriorly in a 
sharp point. Basal cavity deep, conical; 
enclosed by slightly flaring sheath lamellae. 
Occurrence.—Shale member, Harding for- 
mation, at Beulah, Colorado. 
Repository.—State University of Iowa, 
8241. 


CORDYLODUS PLATTINENSIS Branson 
and Mehl 
Plate 29, figure 15 
Cordylodus plattinensis BRANSON and MEHL, 

1933, Missouri Univ. Studies, vol. 8, pp. 116- 

117, pl. 8, figs. 34, 36; FURNISH, BARRAGy, and 

MILLER, 1936, Am. Assoc. Petroleum Geolo- 

gists Bull., vol. 20, p. 1334, pl. 1, fig. 5; GRAVES 

and ELLison, 1941, Missouri Univ. School of 

Mines and Metallurgy Bull., Tech. Ser., vol. 14, 

pp. 5, 7, pl. 2, fig. 8, pl. 3, fig. 11; BRANSON and 

MEL, 1943, Jour. Paleontology, vol. 17, pp. 

376, 381, pl. 63, fig. 7; BRANSON-MERL, 1944, 

in Shimer and Shrock, Index Fossils of North 

America, p. 240, pl. 93, fig. 67; BRANSON, 1944, 

Missouri Univ. Studies, vol. 19, pp. 79-80, pl. 

11, figs. 63, 65; Fay, 1952, Univ. Kansas Pale- 

ontological Contributions, Vertebrata, Art. 3, 

p. 82. 

Cusp slightly twisted, recurved near its 
base, nearly vertical distally. Posterior 
extension of cusp bears 2 to 5 short, laterally 
compressed, sharp-pointed, posteriorly in- 
clined denticles on its oral margin. Aboral 
extension of cusp forms an angle of about 
45° with oral margin. Subapical cavity deep, 
conical; sheath lamellae thin, laterally 
flaring. 

Occurrence.—Shale member, Harding for- 
mation, at Harding Quarry, and Beulah, 
Colorado; six-inch shale 6.7 feet above 
base Harding formation, Harding Quarry, 
Colorado; shale member, Harding forma- 
tion, at Helena Canyon, Colorado. 

Repository.—State University of Iowa, 
8242. 


CORDYLODUS sp. 
Plate 28, figure 12 


Cusp long, compressed, slightly recurved, 
delicate. Two low, nodose denticles rise 
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from narrow, thin-walled posterior extension 
of cusp base. Aboral process of cusp and 
much of lateral sheath lamellae missing. 
Subapical cavity deep, conical, laterally 
compressed. Growth axis well defined, 
straight, extending from apex of subapical 
cavity to tip of cusp. 

Remarks.—The denticulated portion of 
this specimen is not distinct from the cusp, 
so, even though it is incomplete, the form 
appears to be transitional between the 
simple cones and typical cordylodids, in 
which cusp and bar are readily distinguish- 
able elements. Several of Pander’s types 
show similar development, and the Harding 
form is probably but little more advanced 
than C. simplex Branson and Mehl, which 
shows no posterior denticulation. 

Occurrence.—Siltstone bed 100 feet above 
base Harding formation, Harding Quarry 
locality Colorado. 

Repository.—State University of Iowa, 
8243. 


Genus CyrTONIODUS Stauffer, 1935 


Lamellar conodonts consisting of a rela- 
tively thick, arched bar which is excavated 
aborally, and tapers posteriorly. Basal exca- 
vation flares broadly beneath terminal an- 
terior cusp of superior size. Cusp laterally 
compressed, anteriorly keeled, prominently 
recurved, extending below level of bar as 
a blunt, posteriorly directed process. In 
most specimens, the cusp is twisted slightly 
out of general plane of base. Posterior bar 
crowned by several flattened, subequal den- 
ticles, all of which incline to the posterior. 










__DENTICULATE 
A> POSTERIOR 
BAR 


SHEATH LAMELLA BASAL EXCAVATION 


CYRTONIODUS 
LATERAL VIEW (X40) 











Fic. 1/2—Orientation and terminology 
of Cyrtoniodus. 


WALTER C. SWEET 


Only 5 species have been recognized " 
Cyrtoniodus. The genus has a wide geograph. 
ic distribution, and is known from rocks 


which range from Lower Ordovician t, | 


Upper Devonian in age. It has been fp. 
ported from the Glenwood and Decora) 
formations of Minnesota, pre-Lander, post. 
Deadwood strata in the Bighorn Mountain, 
of Wyoming, the Icebox shale of the Black 
Hills of South Dakota, the Dutchtown fo. 
mation of Missouri, and the Manitou dolo. 
mite of Colorado. It is also known from the 
Middle Devonian Arkona beds of Ontario, 
and the Upper Devonian Olentangy shale 
of Ohio. 

Genotype.—Cyrtoniodus comblicatus Stauf. 
fer. 


CYRTONIODUS COMPLICATUS Stauffer 
Plate 28, figure 3 


Cyrtoniodus complicatus STAUFFER, 1935, Geol, 
Soc. America Bull., vol. 46, p. 140, pl. 11, figs, 
44, 46, 48-51; STAUFFER, 1935, Jour. Paleon. 
tology, vol. 9, p. 604, pl. 73, figs. 9, 11-13, 15- 
16, 18-20, 25, 27, 32, 38, 41-42, 47; Amspey 
and MILLER, 1942, Jour. Paleontology, vol, 
16, p. 303, pl. 41, fig. 34; BRANSON and Mem, 
1944, im Shimer and Shrock, Index Fossils of 
North America, p. 240, pl. 93, fig. 68; Fay, 
1952, Univ. Kansas Paleontological Contriby. 
tions, Vertebrata, Art. 3, p. 85; RHopDEs, 1953, 
Phil. Trans. Roy. Soc. London, ser. B, no. 647, 
vol. 237, p. 302, pl. 22, figs. 193-196. 


Bar highly arched, thin posteriorly, 
thickening appreciably toward the anterior. 
Aboral groove extends full length of bar, 


ee ae 


eran 


flaring laterally and deepening greatly be- | 
neath and immediately posterior to cusp. | 


Cusp large, stout, laterally compressed, 
anteriorly keeled, slightly out of line with 
plane of posterior bar. Anterior edge of cusp 


extends below bar as a blunt, recurved proc- | 


ess. Oral surface of bar crowned by 3 
denticles, all of which are small and poster- 
orly inclined. 


Occurrence.—Shale member, Harding for- 


mation, at Beulah, Colorado. 
Repository —State University of Iowa, 
8245. 


Genus PHRaGMopuUs Branson and 
Mehl, 1933 


Laterally compressed, strongly arched, 


bar-like conodonts with a narrow, deep, | 


sheathed cavity in the antero-aboral portion 
of the bar. Point of juncture of anterior and 
posterior bar segments crowned by a large, 
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Fic. 13—Orientation and terminology 
of Phragmodus. 


fattened, unkeeled denticle which is gener- 

ally deflected to the posterior, but which 

may be essentially vertical. Anterior wing 

tears a long, slender, recurved terminal 

denticle, which is laterally carinate in some 

gecies. Between infero-anterior and supero- 

aiterior denticles there may be several 
smaller units (intermediate anterior denti- 
cles) or surface of bar may be smooth. Oral 
surface of posterior segment surmounted by 
afew small, slender denticles. 

Phragmodus is apparently confined to 
Middle and Upper Ordovician horizons. 
Itis known from the Dutchtown, Joachim, 
Plattin, and Thebes formations of Missouri, 
the Glenwood and Decorah formations of 
Minnesota, the McLish and Lower Viola 
formations of Oklahoma, the subsurface 
“Maquoketa” of Kansas, and the Woods 
Hollow, Fort Pena, and Maravillas forma- 
tions of the Marathon Basin in Texas. It 
isalso known from the Upper Ordovician 
Pen-y-garnedd limestone of Wales. 

Genotype-—Phragmodus primus Branson 
and Mehl. 


PHRAGMODUS PRIMUS Branson and Mehl 
Plate 29, figure 13 


Phragmodus primus BRANSON and MEHL, 1933, 
Missouri Univ. Studies, vol. 8, pp. 98-99, pl. 
6, fig. 26; BRANSON and Ment, 1943, Jour. 
Paleontology, vol. 17, pp. 376, 381, pl. 63, fig. 
8; BRANSON and MERL, 1944, in Shimer and 
Shrock, Index Fossils of North America, p. 
241; BRANSON, 1944, Missouri Univ. Studies, 
vol. 19, p. 69; Fay, 1952, Univ. Kansas Paleon- 
— Contributions, Vertebrata, Art. 3, p. 


Bar highly arched. Basal cavity flares 
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broadly to posterior. Anterior segment 
bears 2 small, confluent denticles between 
slender infero-anterior denticle and stout, 
posteriorly inclined supero-anteror denticle. 
Posterior segment incomplete, but bears 
at least one small, blunt denticle, which is 
crowded against the posterior margin of the 
supero-anterior denticle. Specimen exceed- 
ingly small, measuring only 0.3 mm. in 
both length and width. 

Occurrence.—Shale member, Harding for- 
mation, Helena Canyon. 

Repository.—State University of lowa, 
8269. 


Genus SUBCORDYLODUs Stauffer, 1935 


Lamellar conodonts similar to Cordylodus 
Pander, but differing in that the posterior 
margin of the cusp is produced as a distinct, 
aborally grooved, orally denticulated bar. 
Cusp large, terminal, keeled, laterally com- 
pressed, twisted slightly out of vertical 
plane. Bar straight or sinuous, bearing a 
series of low, generally sharp, compressed 
denticles on its oral surface. 
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Fic. 14—Orientation and terminology 
of Subcordylodus. 


Subcordylodus is known only from rocks 
of Middle Ordovician age, and it appears 
to have been most highly developed in the 
Glenwood beds of Minnesota. 

Genotype.—Subcordylodus elongatus Stauf- 
fer. 


SUBCORDYLODUS RECTILINEATUS Stauffer 
Plate 28, figure 22 


Subcordylodus rectilineatus STAUFFER, 1935, Geol. 
Soc. America Bull., vol. 46, pp. 154, 160, pl. 11, 
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figs. 30, 32; STAUFFER, 1935, Jour. Paleontol- 
ogy, vol. 9, p. 618, pl. 73, figs. 7, 23, 28, 29, 33, 
39; Fay, 1952, Univ. Kansas Paleontological 
Contributions, Vertebrata, Art. 3, p. 194. 

Cordylodus rectilineatus RHODES 1953, Phil. Tr. 
Roy. Soc. London, ser. B, no. 647, vol. 237, p. 
300, pl. 22, figs. 172-175. 


Posterior bar long, slender, straight, 
aborally excavated. Cusp slender, delicate, 
erect; joins posterior bar at nearly right 
angles. Subapical cavity deep, conical; 
sheath lamellae flare slightly to the sides. 
Anterior margin of cusp keeled; continued 
below bar and subapical excavation as rela- 
tively thick, posteriorly curving keel, or 
process. 

Occurrence.—Shale member, Harding for- 
mation, Harding Quarry locality, Colorado. 


WALTER C. SWEET 


Repository.—State University of oy, 
8288. 


SUBCORDYLODUS SINUATUS Stauffer 
Plate 28, figure 24 
Subcordylodus sinuatus STAUFFER, 1935, Geg| 

Soc. America Bull., vol. 46, p. 154, pl. 11, figs, 

28, 37, 42, 45; BRANSON, 1944, Missouri Uniy 

Studies, vol. 19, pp. 53, 67, pl. 8, figs. 1-2; Fay 

1952, Univ. Kansas Paleontological Contriby! 

tions, Vertebrata, Art. 3, p. 194. 

Cusp stout, slightly recurved, anteriorly 
keeled, meeting bar at angle slightly more 
than 90°. Posterior bar nearly straight 
oral surface slightly sinuous, so that the ¢ 
small, appressed, posteriorly directed denti. 
cles which surmount it are thrown into q 
zig-zag pattern. Subapical cavity deep, 





EXPLANATION OF PLATE 29 


All specimens are from the Harding formation of Colorado. Figures are retouched photographs, X40, 


Fics. 1, 2—Trichonodella recurva (Branson and Mehl). Posterior views. Shale member, Helena Can. 
yon, Colorado. S.U.I. 8295, 8293. (p. 258) 

3, 14—Trichonodella pumila (Branson and Mehl). Posterior views. From shale member, Helena 
Canyon, and Beulah. S.U.I. 8292, 8294. (p. 257) 
4—Ozarkodina pauperata Stauffer? Lateral view. Shale member, Helena Canyon, Colorado, 
S.U.I. 8267. (p. 260) 
5—Microcoelodus simplex Branson and Mehl. Posterior view. Shale member, Helena Canyon, 
Colorado. S.U.I. 8260. (p. 244) 
6—Trichonodella deformis (Stauffer). Posterolateral view. Shale member, Beulah, Colorado, 
S.U.I. 8290. (p. 257) 

7, 8—Erismodus typus Branson and Mehl. Outer lateral views. Shale member, and siltstone bed 
100 feet above base, Harding Quarry. S.U.I. 8252, 8253. (p. 234) 

9, 10, 11, 17, 23, 25—Amorphognathus ramosa (Stauffer). Figs. 9-11, 17 are oral views, from 
shale member, Beulah, Colorado. Fig. 23, 25, aboral and oral views of a nearly complete | 
specimen, from shale member, Harding Quarry. S.U.I. 8213-8217. (p. 248) 

12, 28—Neocoleodus breviconus Branson and Mehl. Lateral views. Siltstone bed 100 feet above 
base, Harding Quarry. S.U.I. 8263-8264. (p. 235) 
13—Phragmodus primus Branson and Mehl. Lateral view. Shale member, Helena Canyon, 
Colorado. S.U.I. 8269. (p. 255) 
15—Cordylodus plattinensis Branson and Mehl. Inner lateral view. Shale member, Little 
Fountain Creek. S.U.I. 8242. (p. 253) 
16—Curtognathus limitaris Branson and Mehl. Inner lateral view. Shale member, Harding 


Quarry, Colorado. S.U.I. 8244. (p. 249) 
18—Ozarkodina concinna Stauffer. Lateral view. Shale member, Harding Quarry, Colorado. 
S.U.1. 8266. (p. 260) 
19—Erismodus simplex Branson and Mehl. Inner lateral view. Six-inch shale 6.7 feet above 
base, Harding Quarry. S.U.I. 8251. (p. 234) 
or a cornulatus Branson and Mehl. Lateral view. Shale member, Beulah, —— 
S.U.1. 8271. _ 25 


21—Curtognathus calyculoides Branson and Mehl. Posterior view. Shale member, Beulah, Colo- 
rado. S.U.I. 8257. (p. 249) 

22, 29—Erismodus radicans (Hinde). Inner and outer lateral views. Shale member, Beulah, 
Colorado. S.U.I. 8250. (p. 233) 

24—Amorphognathus lingualis Sweet, n. sp. Holotype, oral view. Shale member, Harding 
Quarry, Colorado. S.U.I. 8212. (p. 248) 

26—Microcoelodus magnicornis Branson and Mehl. Posterior view. Shale member, Little 
Fountain Creek, Colorado. S.U.I. 8259. 

27—Coleodus simplex Branson and Mehl. Lateral view. Siltstone bed 100 feet above bas, 
Harding Quarry. S.U.I. 8240. (p. 233) 
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ORDOVICIAN CONODONTS FROM COLORADO 


conical ; posterior bar slightly excavated 
aborally. Sheath lamellae delicate, widely 
faring laterally. 

Occurrence—Shale member, Harding for- 
mation, Helena Canyon, Colorado. 

Repository.—State University of Iowa, 
$289. 

Genus TRICHONODELLA Branson and 

Mehl, 1948 


[= TRICHOGNATHUS Branson and 
Mehl, 1933] 


Bar-like arched units symmetrical with 
ference to the axis of the apical denticle. 
Apical denticle posteriorly recurved, deeply 
excavated, produced laterally at the base 
into a horizontally extending, more or less 
bar-like process. The posterior process, in 
many species, is denticulate. Hass (1953, p. 
9) has suggested that the latter are generi- 
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Fic. 15—Orientation and terminology 
of Trichonodella. 


cally distinct, and has proposed the name 
Roundya for them. Only a few Ordovician 
trichonodellids have denticles on the pos- 
terior process, but those that do are so 
| dosely related to nondenticulate forms that 
| generic distinction for them seems highly 
artificial, Even though generic separation 
may be desirable for trichonodellids in 
which the denticulated posterior bar is a 
a distinct element, the writer perfers to 
retain the Harding, Glenwood, and Plattin 
forms in Trichonodella, regardless of the 
presence or absence of posterior denticula- 
tion. 

Geologically,, Trichonodella ranges from 
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the Chazy through the Wolfcamp. However, 
Hass’ revision of the genus will undoubtedly 
restrict the range of the true trichonodellids. 

Genotype.—Trichonodella prima (Branson 
and Mehl), not 7. symmetrica as given by 
Branson and Mehl (1944) or T. brass- 
fieldensis Branson and Branson, mistakenly 
chosen as the genotype of Trichonodella by 
Rhodes (1953, p. 312). 


TRICHONODELLA DEFORMIS (Stauffer) 
Plate 29, figure 6 

Trichognathus deformis STAUFFER, 1935, Geol. 
Soc. America Bull., vol. 46, pp. 155-156, 160, 
pl. 12, fig. 3; STAUFFER, 1935, Jour. Paleontol- 
ogy, vol. 9, p. 619, pl. 71, fig. 46. 

Trichonodella deformis Fay, 1952, Univ. Kansas 
Paleontological Contributions, Vertebrata, 
Art. 3, p. 198. 

Lateral bars meet at angle of about 45° 
beneath slender, recurved cusp. One bar 
longer than the other, bearing 3 short, 
discrete, blunt denticles. The other bar 
bears 2 short denticles, one of which is 
closely approximated to the cusp, and ap- 
pears to have been somewhat larger than the 
other denticle on the limb. Cusp base pro- 
duced posteriorly into a short, nondenticu- 
late process. All 3 limbs shallowly exca- 
vated on their aboral sides, the concavity 
being deep and conical beneath the cusp. 

Occurrence.—Shale member, Harding for- 
mation, Beulah locality, Colorado. 

Repository.—State University of Iowa. 
8290. 


TRICHONODELLA PUMILA (Branson 
and Mehl) 
Plate 29, figures 3, 14 
Trichognathus pumila BRANSON and MERL, 1933, 
Missouri Univ. Studies, vol. 8, p. 100, pl. 6, 
fig. 5; BRANSON, 1944, Missouri Univ. Studies, 
vol. 19, p. 72. 
Trichonodella pumila Fay, 1952, Univ. Kansas 
Paleontological Contributions, Vertebrata, 
Art. 3, p. 199. 


Cusp large, recurved, flanked by 2 short, 
lateral bars which meet beneath the cusp 
at an angle of somewhat less than 90°. 
Posterior bar deeply excavated, bearing 
on its oral surface 2 low nodes. Denticles 
on lateral bars short, discrete, subcircular 
in cross-section. Three limbs connected by 
thin laminae so as to form a deep conical 
concavity at apex of arch beneath cusp. 

Occurrence.—Shale member, Harding for- 
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mation, Beulah, and Helena Canyon locali- 
ties, Colorado. 

Repository.—State University of Iowa, 
8292, 8294. 


TRICHONODELLA RECURVA (Branson 
and Mehl) 
Plate 29, figures 1, 2 

Trichognathus recurva BRANSON and MEHL, 1933, 
Missouri Univ. Studies, vol. 8, p. 119, pl. 10, 
fig. 6; STAUFFER, 1935, Geol. Soc. America 
Bull., vol. 46, pp. 156, 160, pl. 12, figs. 1-2; 
STAUFFER, 1935, Jour. Paleontology, vol. 9, 
pp. 619-620, pl. 7i, figs. 20, 27, 39, 41, 47, pl. 
72, figs. 48, 56, pl. 75, fig. 22; FuRNisH, Bar- 
RAGY, and MILLER, 1936, Am. Assoc. Petro- 
leum Geologists Bull., vol. 20, p. 1334; BRAN- 
sON, 1944, Missouri Univ. Studies, vol. 19, p. 
82. 

Trichonodella recurva Fay, 1952, Univ. Kansas 
Paleontological Contributions, Vertebrata, 
Art. 3, p. 199. 

Cusp large, markedly recurved, posterior- 
ly carinate; flanked laterally by aborally 
directed, anteriorly bowed, denticulated 
bars. Cusp base produced posteriorly to form 
a nondenticulate process, the oral surface 
of which is a continuation of the posterior 
carina of the cusp. Lateral bars bear 2 
or 3 discrete, slightly compressed, orally 
directed denticles. Subapical cavity deep, 
subconical, continued aborally as shallow 
excavation on each lateral bar. 

Occurrence.—Shale member, Harding for- 
mation, Beulah, and Helena Canyon locali- 
ties, Colorado. 

Repository.—State University of Iowa, 
8293, 8295. 


Family PRIONIODINIDAE Ulrich and 
Bassler, 1926 

Genus DICHOGNATHUS Branson and 
Mehl, 1933 


Arched, blade-like conodonts especially 
characterized by a distinct lateral offset 
immediately anterior to the apical denticle 
of the arch. Oral margin of blade set with 
low, discrete or laterally confluent, sharp- 
pointed denticles. Blade longitudinally exca- 
vated aborally, flaring slightly beneath 
apical denticle. 

Only one dichognathid has previously 
been reported from the Harding. This form 
does not occur in the writer’s collection, but 
one additional species is recognized. Geologi- 
cally, Dichognathus appears first in the 
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Fic. 16—Orientation and terminology 
of Dichognathus. 


Middle Ordovician Fort Pena beds of the 
Marathon Basin in Texas, and its highest 
recorded occurrence is from a ‘‘ Maquoketa" 
horizon in the Kansas subsurface. 

Genotype.—Dichognathus prima Branson 
and Mehl. 


DICHOGNATHUS BREVIS Branson and 
Mehl 
Plate 28, figure 14 
Dichognathus brevis BRANSON and MERL, 1933, 

Missouri Univ. Studies, vol. 8, p. 113, pl. 9, 

figs. 24-26; BRANSON, 1944, Missouri Univ. 

Studies, vol. 19, pp. 79-80, pl. 11, figs. 54-56; 

Fay, 1952, Univ. Kansas Paleontological Con- 

tributions, Vertebrata, Art. 3, p. 86. 

Two wings of blade meet at angle of about 
90° beneath dominant, laterally compressed, 
sharply keeled denticle. Each wing bears 
4 low, nodular, laterally confluent denticles. 
Blade flares laterally to its greatest width 
beneath apical denticle, basal portion of 
which continues across outer lateral face 
as conspicuous ridge or crenulation. Aboral 
margin nearly straight in lateral view. Pos 
terior wing markedly offset anterior to 
anterior edge of apical denticle. 
marked by lateral crenulation below the 
apical denticle on outer lateral face, and by 
wide oral flare of base beneath apical dent 
cle on inner lateral face. 

Occurrence-—Shale member, Harding for- 
mation, Beulah, and Helena Canyon set 
tions, Colorado. 

Repository.—State University of Iowa, 
8247. 
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ORDOVICIAN CONODONTS FROM COLORADO 


Genus Loncuopus Pander, 1856 


Elongate, bar-like conodonts whose deli- 
cate, unexcavated bar is surmounted by 
inclined spike-like denticles. In some species, 
the bar is slightly arched, while in others it is 
straight. Denticles alternate in size and 
length, or decrease regularly in size from one 
extremity of the bar to the other. The genus 
is distinctly lamellar, and growth axes are 
apparent in all of the denticles. 

In Lonchodus, Pander placed several frag- 
mentary specimens which almost certainly 
belong in a number of different genera as 
now recognized. Indeed, Ulrich and Bassler 
(1926, p. 42) have suggested that the genus 
be employed as a category for “.. . simi- 
larly imperfect and generically indetermi- 
rable material.’’ Lonchodids are not uncom- 
mon in the Harding fauna, and the fact 
that they represent a distinct generic group 
isindicated by the absence of forms refer- 
ble to other genera which, even in frag- 
mental form, bear any resemblance to 
typical specimens of Lonchodus. 

Lonchodus is known from rocks whose 
ages range from Middle Ordovician through 
Lower Permian. However, many of these 
forms appear to have been based on frag- 
ments of other established genera, so the 
range is perhaps somewhat more limited 
than it now appears. 

Genotype.—Lonchodus simplex Pander. 


LONCHODUS SPINULIFERUS Stauffer 
Plate 28, figure 18 
Lonchodus spinuliferus STAUFFER, 1932, Jour. 

Paleontology, vol. 6, pp. 258, 263, pl. 40, fig. 

32; STAUFFER, 1935, Geol. Soc. America Bull., 

vol. 46, pp. 145, 159, pl. 10, figs. 1-7, 9; SraurF- 

FER, 1935, Jour. Paleontology, vol. 9, pp. 607— 

608; pl. 72, figs. 2, 4-7, 10, 25; Fay, 1952, Univ. 

Kansas Paleontological Contributions, Verte- 

brata, Art. 3, p. 127. 

Base low, slender, unarched, slightly 
grooved on aboral margin. Denticles long, 
discrete, slightly flattened, sharp-pointed. 
All denticles incline posteriorly, and gradu- 
ally decrease in size in that direction. A 
sight constriction of the base near the point 
of juncture of the denticles with the bar 
makes the aboral third of the bar some 
narrower than the oral two-thirds. None of 
the Harding specimens are complete. 

Occurrence—Shale member, Harding for- 
mation, at the Beulah, Harding Quarry, 
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Helena Canyon, and Little Fountain Creek 
localities, Colorado. 

Repository.—State University of Iowa, 
8255. 


Genus OzARKODINA Branson and Mehl, 
1933 


Thin, arched, denticulated blades, the 
limbs of which join beneath a denticle of 
superior size. Aboral margin excavated for 
its full length, this excavation being laterally 
expanded to form a navel beneath the apical 
denticle. Denticles short, sharp-pointed, 
laterally compressed, and confluent for the 
major part of their length. In transmitted 
light, the denticles appear to be inserted 
into the base. 

Ozarkodina resembles Bryantodina Stauf- 
fer, to which it is undoubtedly related. It 
differs from the latter genus in that the bar 
is arched rather than straight. Tortoniodus 
Stauffer probably includes representatives 
of Ozarkodina, and it has been suggested 
(Ellison, 1946) that Stauffer’s genus Plecto- 
dina also includes forms congeneric with 
Ozarkodina. However, these last specimens 
appear to be more closely related to Sub- 
cordylodus Stauffer than to Ozarkodina, and 
should perhaps be grouped with it. 

Ozarkodina is not uncommon in the Hard- 
ing. It was first described from the Silurian 
Bainbridge formation of Missouri, but it is 
now known to range from the Middle Ordo- 
vician into the Lower Permian. 








Genotype.—Ozarkodina typica Branson 
and Mehl. 
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Fic. 17—Orientation and terminology 
of Ozarkodina. 
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OZARKODINA CONCINNA Stauffer 
Plate 29, figure 18 

Ozarkodina concinna STAUFFER, 1935, Geol. Soc. 
America Bull., vol. 46, pp. 148, 159, pl. 10, figs. 
41, 45-46; SrauFFER, 1935, Jour. Paleontol- 
ogy, vol. 9, p. 611, pl. 71, figs. 2, 4-5, 8, 17-19, 
22, 26; FURNISH, BARRAGY, and MILLER, 1936, 
Am. Assoc. Petroleum Geologists Bull., vol. 20, 
p. 1334, pl. 2, fig. 10; StauFFER, 1940, Jour. 
Paleontology, vol. 14, pp. 426-427, pl. 59, figs. 
1-2, 6-7; BRANSON, 1944, Missouri Univ. Stud- 
ies, vol. 19, pp. 67, 70, 89-90, pl. 9, figs. 5-6, pl. 
13, figs. 29-33, 42; Fay, 1952, Univ. Kansas 
Paleontological Contributions, Vertebrata, 
Art. 3, p. 137. 


Blade thin, conspicuously arched, longi- 
tudinally excavated on aboral margin. Sub- 
apical navel conical, broadly flaring, sub- 
oval in aboral outline. Oral surface of an- 
terior bar bears 9 to 12 low, sharp, laterally 
compressed, confluent denticles; 6 to 8 simi- 
lar denticles occur on the oral margin of the 
posterior bar. Apical denticle somewhat 
larger than anterior and posterior denticles, 
compressed, blunt, posteriorly inclined. 

Occurrence.—Shale member, Harding for- 
mation, at the Helena Canyon locality; 
siltstone bed 100 feet above base Harding 
formation, Harding Quarry section, Colo- 
rado. 

Repository.—State University of Iowa, 
8266. 


OZARKODINA PAUPERATA Stauffer? 
Plate 29, figure 4 


sarkodina pauperata STAUFFER, 1935, Jour. 
Paleontology, vol. 9, p. 611, pl. 71, figs. 16, 24; 
Fay, 1952, Univ. Kansas Paleontological Con- 
tributions, Vertebrata, Art. 3, p. 138. 


Blade arched at about 130°, bearing on 
its anterior segment 4 discrete, sharp- 
pointed, slightly divergent denticles, the 
most posterior of which is crowded against 
the apical denticle. Apical denticle longer 
than denticles of anterior blade, gracefully 
recurved posteriorly. Basal excavation be- 
gins near distal end of anterior wing as 
narrow groove; expands to wide, flaring 
subapical navel. 

Remarks.—Although fragmentary, the 
single Harding specimen referred to this 
species compares readily with the type 
material. However, since the posterior limb 
is missing, the form is only questionably 
allied with O. pauperata Stauffer. 

Occurrence.—Shale member, Harding for- 
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mation, Helena Canyon section, Colorado, 
Repository.—State University of Iowa 
8267. 


OZARKODINA? sp. 
Plate 27, figure 2 


One incomplete specimen appears ty 
be referable to Ozarkodina, but differs from 
typical representatives of the genus in that 
it is more or less deeply depressed laterally, 
and somewhat contracted aborally so as to 
produce a slight rib along the aboral margin, 
The subapical navel is narrow, only slightly 
flaring aborad, and its sheath is continuoys 
with the base of the apical denticle, forming 
a transverse lateral ridge on one face. The 
posterior wing bears 4 low, sharp-pointed, 
laterally confluent denticles; an equal num. 
ber are preserved on the incomplete anterior 
wing. 

Remarks.—This specimen does not ap 
pear to be close to any described ozarkodi- 
nid, and the development of a lateral ridge 
may indicate that it approaches Dichogna- 
thus in morphology. However, it does not 
show the sharp lateral offset of the bar 
shown by the later genus. Consequently, 
it may be that the specimen is gnerically 
new, and stands somewhere between Ozarko- 
dina and Dichognathus in development. 

Occurrence.—Shale member, Harding for- 
mation, at Beulah, Colorado. 

Repository.—State University of Iowa, 
8246. 


Genus PRIONOGNATHUS Pander, 1856 


This poorly known genus consists of rather 
massive, blade-like bases, into which are 
set distinctly lamellar, cone-shaped dent- 
cles. Only the isolated denticles, dissociated 
from the base, have been found in North 
America, and there is some question as to 
whether they are truly conodonts. 

The genotype of Prionognathus was cd- 
lected from the Upper Silurian Oesel bone 
beds of Estonia, and the only other spec- 
mens known are from the Harding of Colo- 
rado. 

Genoty pe.-—Prionognathus brandtii Pander. 


PRIONOGNATHUS ORDOVICICA Branson 
and Mehl 
Plate 28, figure 9 


Prionognathus ordovicica BRANSON and MEHL, 
1933, Missouri Univ. Studies, vol. 8, p. 27, pl 
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ORDOVICIAN CONODONTS FROM COLORADO 


1, figs. 13-14; Fay, 1952, Univ. Kansas Paleon- 
tological Contributions, Vertebrata, Art. 3, p. 
177. 

Single cones more or less gradually re- 
wurved toward their sharp-pointed distal 
ends, and slightly constricted at the base. 
Lower third of cone opaque, and white to 
bluish-white in color. Upper two-thirds am- 
per to reddish-brown in color, transparent, 
and, in transmitted light showing isolated, 
transverse cone-shaped lamellae. Outer wall 
of lower portion apparently much thicker 
than is similar portion of upper part, so that 
the distal end of the cone is smaller in 
diameter and more delicate in structure and 
appearance. Horizontal cross-section sub- 
circular. 

Occurrence.—Shale member, Harding for- 
mation, at the Helena Canyon, and Newett 
iocalities; siltstone bed 100 feet above base 
Harding formation, Harding Quarry local- 
ity, Colorado. 

Repository.—State University of Iowa, 
$276. 


Family GNATHODONTIDAE Branson and 
Mehl, 1944 
Genus ScypuHiopus Stauffer, 1935 


Rough surfaced, bar-like conodonts with 
longitudinally grooved or excavated bases, 
and low, posteriorly directed cusps. Basal 
bar narrows at each end, somewhat more 
abruptly beneath cusp. Oral surface of bar 
bears 3 longitudinal rows of low, trans- 
versely confluent nodes, or denticles, which 
appear as transverse ridges in an oral view. 
Bar considerably wider orally than it is 
aborally; this widening occurs abruptly 
near mid-height so that the lateral faces 
of the bar are concave in their lower por- 
tions, and convex orad. Aboral groove be- 
gins near anterior end of bar and widens 
into deep, rounded cavity beneath cusp, 
which rises at posterior end of bar. 

Scyphiodus resembles Icriodus Branson 
and Mehl, but is distinct because of signifi- 
cant differences in the configuration of the 
attachment scar (Branson and Mehl, 1938, 
p. 159). It differs from Icriodina Branson 
and Branson in having only two rows of 
transversely confluent denticles. 

The only specimens of Scyphiodus here- 
tofore identified come from the Decorah 
shale of Minnesota. 

Genotype.—Scyphiodus primus Stauffer. 
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SCYPHIODUS sp. 
Plate 28, figure 17 


The single fragmentary specimen of 
Scyphiodus from the Harding formation 
differs from the Decorah forms of Stauffer 
in several respects, so is not specifically 
allied with them. The upper surface bears 3 
longitudinal rows of transversely confluent 
denticles, the middle row of which is so low 
as to be almost obscured by the larger units 
of the marginal ridges. The cusp is only 
slightly larger than the denticles of the 
outer ridges, and is distinguished from 
them by an increased posterior deflection. 
The bar narrows appreciably toward the 
anterior end, and flares slightly at mid- 
length. The lateral groove in the bar occurs 
at approximately mid-height. Aboral exca- 
vation is filled with bony material, hence 
nothing is known about its configuration. 
The extreme posterior portion of the indi- 
vidual is missing. 

Occurrence.—Shale member, Harding for- 
mation, Beulah, Colorado. 

Repository—State University of Iowa, 
8284. 


REFERENCES CITED 


AMSDEN, T. W., and MILLER, A. K., 1942, Ordo- 
vician conodonts from the Bighorn Mountains 
of Wyoming: Jour. Paleontology, vol. 16, pp. 
301-306, pl. 42. 

BRANSON, E. B., 1944, The geology of Missouri: 
Missouri Univ. Studies, vol. 19, pp. 1-535, pls. 
1-49. 

, and MER, M. G., 1933, Conodont studies. 

Missouri Univ. Studies, vol. 8, pp. 1-349, pls. 

1-28. 

, and , 1938, The conodont genus Icrio- 
dus and its stratigraphic distribution: Jour. 
Paleontology, vol. 12, pp. 156-166, pl. 26. 

——, and , 1943, Ordovician conodont fau- 
nas from Oklahoma: Jour. Paleontology, vol. 
17, pp. 374-387, pls. 63-64. 

, and , 1944, Conodonts, in Shimer and 
Shrock, Index Fossils of North America: Wiley 
and Sons, N. Y., pp. 235-246, pls. 93-94. 

Cooper, C. L., 1939, Conodonts from a Bush- 
berg-Hannibal horizon in Oklahoma: Jour. 
Paleontology, vol. 13, pp. 379-422, pls. 39-47. 

EICHENBERG, W., 1930, Conodonten aus dem 
Culm des Harzes: Palaeont. Zeitschr., Band 12, 
pp. 177-182, pl. 1. 

ELLIson, S. P., 1946, Conodonts as Paleozoic 
guide fossils: Am. Assoc. Petroleum Geologists 
Bull., vol. 30, pp. 93-110, figs. 1-3. 

Fay, R. O., 1952, Catalogue of conodonts: Univ. 
Kansas Paleontological Contributions, Vete- 
brata, Article 3, pp. 1-206, figs. 1-109. 

Flower, R. H., 1952, Cephalopods from the 
Harding and Manitou formations of Colorado: 
































262 WALTER C. SWEET 
0 
Jour. Paleontology, vol. 26, pp. 505-518, pls. PANDER, C. H., 1856, Monographie der Fossilen 
60-61. Fische des Silurischen Systems der Russisch 
Fox, H., 1900, Notes on the geology and fossils Baltischen Gouvernements, St. Petersburg Dp. P! 
of some Devonian rocks on the north coast of 1-34, Tab. 1-4. * PP. 
Cornwall: Geol. Mag., n. s., dec. 4, vol. 7, pp. Pottack, J. M., 1951, A faunal study of the 
145-152, pl. 7. Harding sandstone in the Canon City embay. | 
FurnisH, W. M., BarraGy, E. J., and MILLER, ment, Colorado: Unpublished MLS. Thesis 
A. K., 1936, Ordovician fossils from upper part Univ. Oklahoma, Norman, Oklahoma, pp, 1. 
of type section of Deadwood formation, South 79, pls. 1-11. 
Dakota: Am. Assoc. Petroleum Geologists RuopeEs, F. H. T., 1953, Some British Lowe 
Bull., vol. 20, pp. 1329-1341, pls. 1-2. Paleozoic conodont faunas: Phil. Trans, Roy 
Graves, R. W., and ELison, S. P., 1941, Ordo- Soc. London, ser. B, no. 647, vol. 237, pp. 26j- 
vician conodonts of the Marathon Basin, 334, pls. 20-23. 
Texas: Missouri Univ. School of Mines and StaurFeEr, C. R., 1932, Decorah shale conodonts 
Metallurgy Bull., Tech. Ser., vol. 14, pp. 1-16, from Kansas: Jour. Paleontology, vol. 6, Dp. 
pls. 1-3. 257-264, pl. 40. 
GREEN, U., 1899, On some new and peculiar fos- _——, 1935a, Conodonts of the Glenwood beds: 
sils from the lower Devonian of the south Geol. Soc. America Bull., vol. 46, pp. 125-168 
coast of Cornwall: Trans. Roy. Geol. Soc. pls. 9-12. ; 
Cornwall, vol. 12, pt. 4, pp. 227-228, pl. F. , 1935b, The conodont fauna of the Decorah 
Hass, W. H., 1953, Conodonts of the Barnett for- shale (Ordovician): Jour. Paleontology, vol, 9 
mation of Texas: U. S. Geol. Survey Prof. Pa- pp. 596-620, pls. 71-75. 
per 243-F, pp. 69-94, pls. 14-16. , 1940, Conodonts of the Devonian and asp. 
HINDE, G. J., 1879, On conodonts from the Chazy ciated clays of Minnesota: Jour. Paleontology 
and Cincinnati groups of the Cambro-Silurian, vol. 14, pp. 417-435, pls. 58-60. “ 
and from the Hamilton and Genesee shale di- Sweet, W. C., 1954, Harding and Fremont for. 
visions of the Devonian, in Canada and the mations, Colorado: Am. Assoc. Petroleum Ge. 
United States: Quart. Jour. Geol. Soc. London, ologists Bull., vol. 38, pp. 284-305. 
vol. 35, pt. 3, no. 139, art. 29, pp. 351-369, pls. | ULricu, E. O., and BAssLER, R. S., 1926, A classi. 
15-17. fication of the toothlike fossils, conodonts, with 
Hotes, G. B., 1928, A bibliography of the descriptions of American Devonian and Mis- 
conodonts with descriptions of early Mississip- sissippian species: Proc. U. S. Nat. Mus, 
pian species: Proc. U. S. Nat. Mus., vol. 72, vol. 68, art. 12, no. 2613, pp. 1-63, pls. 1-11. 
art. 5, no. 2701, pp. 1-38, pls. 1-11. Wa ccott, C. D., 1892, Preliminary notes on the 
Kirk, S. R., 1929, Conodonts associated with the discovery of a vertebrate fauna in Silurian 7 
Ordovician fish fauna of Colorado: Am. Jour. (Ordovician) strata: Geol. Soc. America Bull, 
Sci., 5th ser., vol. 18, pp. 493-497. vol. 3, pp. 153-172. (For 
McCoy, M. R., 1952, Ordovician sediments in YounGaQuist, W. L., and CuL.ison, J. S., 1946, The 
the northern Black Hills: Billings Geological The conodont fauna of the Ordovician Dutch- cond 
Soc., Guidebook, 3rd Ann. Field Conf., pp. 44- town formation of Missouri: Jour. Paleontol- | 
47. ogy, vol. 20, pp. 579-590, pls. 89-90. } atte 
men 
mem 
ville 
tion 
tions 
thro’ 
at Si 
bed, 
distr 
bed. 
the 
envil 
obsei 
I) 
| Dori 
colle 
tive 
writi 
place 


equi 











on the 
ilurian 


1 Bull., 


, 1946, 
Dutch- 
eontol- 








JoURNAL OF PALEONTOLOGY, VOL. 29, No. 2, PP. 263-282, pLs. 30, 31, 5 TEXT FIGS., MARCH 1955 


pALEOECOLOGY OF THE VIESCA MEMBER OF THE WECHES 


FORMATION AT SMITHVILLE, TEXAS 


NEVILLE MACKAY CURTIS, JR. 
University of Oklahoma, Norman, Oklahoma 


AssTRACT—Interpretation of the paleoecology of the Viesca member of the Weches 
formation (Claiborne, Eocene) at Smithville, Texas, is based on quantitative study 
of distribution of foraminiferal species in this section, and on the presence of an 
“oyster bed.” Based principally on the inverse frequency relationship of Quinque- 
culina claiborniana Stadnichenko and Siphonina claibornensis Cushman, the two 
most abundant species in the Viesca assemblage, four depth zones are recognized, 
ranging from 1 to 100 meters deep. Oscillation took place during deposition of the 
Viesca member, with water depths changing from intermediate deep (50 to 80 
meters) to intermediate shallow (30 to 50 meters) to shallow (0 to 40 meters) to 
intermediate shallow to intermediate deep to deep (70 to 100 meters). Deposition 
took place on the continental shelf in the littoral zone (shallow, 0 to 40 meter depth 
zone) and in the inner and middle neritic zones. Rate of deposition was slow enough 
to permit glauconite formation throughout the section. During deposition of the 
“oyster bed” (in shallowest part of shallow zone) temperature was probably be- 
tween 14° and 20°C.; salinity 16.5°/,, or less (chlorinity 10.0°/,,); pH about 8.2. 
Throughout the remainder of Viesca deposition salinity was probably as high as 
35.0°/.. (chlorinity 19.0°/,.). 

Quantitative study of Foraminifera distribution shows variations in abundance 
of most species in the Viesca section. Many of the variations do not appear to be 


random, and are probably associated with environmental differences. 


INTRODUCTION 


HE Weches formation in Texas contains 
7; very abundant faunal assemblage 
(Foraminifera, Ostracoda, and Mollusca). 
The fauna is indicative of environmental 
conditions in Weches time. In this paper an 
attempt is made to reconstruct the environ- 
ment in which the sediments of the Viesca 
member of the Weches formation at Smith- 
ville, Texas, were deposited. The interpreta- 
tion of the environment is based on varia- 
tions in percentage of foraminiferal species 
throughout the Viesca section of the Weches 
at Smithville, on the presence of an ‘‘oyster 
bed,” and on the relation of foraminiferal 
distribution to the position of the oyster 
bed. By detailed quantitative analysis of 
the Foraminifera, it is possible to detect 
environmental changes that would be un- 
observed in a qualitative study. 
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PREVIOUS WORK 


At the present time, no work has been 
published on the paleoecology of the Weches 
Foraminifera of Texas. In an unpublished 
doctoral thesis (Feray, 1948), ‘‘Relation of 
the Foraminifera to the sedimentary char- 
acteristics of the Weches formation in 
Texas,’’ Feray has approached this problem 
from another point of view, using a different 
procedure. Little work has been done to 
establish a procedure for quantitative en- 
vironmental analysis by means of Foraminif- 
era in ancient sediments. Israelsky (1949) 
published an oscillation chart based on 
Foraminifera in a Miocene section. A simi- 
lar chart by Hoppin (1953) was published 
for the Vicksburg. Bandy (1953) inter- 
preted rates of deposition during the Terti- 
ary in the Ventura basin, California. A 
summary of quantitative microfaunal stud- 
ies was given by Ellison (1951). 


METHOD OF STUDY 


Field work.—Six bag samples, and three 
sections encased in plaster of paris casts 
were collected at the Smithville locality 
of the Weches formation. This well-known 
collecting locality is shown in Fig. 1. Total 
length of section collected is 114} inches. 
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Fic. 1—Geologic map of Smithville area. Collecting locality is in town of Smithville 
on Colorado River, Bastrop County, Texas. 
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The procedure used in collecting a section 
ysing plaster of paris is as follows: 

1. Form flat vertical surface slightly 
wider and longer than section to be removed. 

2. Mark desired length and width of sec- 
tion on flat surface. 

3. Using shovel and pick, dig away ma- 
terial from all sides of section outline. It is 
advisable to dig deeper into the vertical 
face than the thickness of section to be col- 
lected. 

4, Wet tissue paper and place on sec- 
tion which now stands out in relief from 
wall. 

5. Fasten burlap sacking to section. 

6. Mix plaster of paris and spread on the 
burlap sacking. Thickness of plaster of 
paris covering will depend on length, width, 
thickness, and degree of consolidation of 
section. 

7. Allow plaster of paris to dry thor- 
oughly; then, using a long knife, or rods, 
cut section from wall. This leaves the sedi- 
mentary section encased in plaster of paris 
on all sides but one. 

The compaction and lithology of the sedi- 
ment will determine the size of the section 
that may be taken. The plaster of paris 
method has been used by vertebrate paleon- 
tologists, and was suggested to the writer 
by Dr. H. J. Sawin, University of Houston. 

Laboratory work.—By using the plaster 
of paris method of collecting in the field, 
it was possible to cut from the sections (after 
they had been brought to the laboratory) 
two-inch slices of sediments for analysis. 
Eighteen such samples, and six bag samples 
collected from hard ledges, were studied. 
The relative position of the samples in the 
section is shown in Fig. 4. One hundred 
grams of material were taken from each 
quartered sample and washed through a 
0.104 mm. screen. The residue was then 


of Foraminifera could be counted in each 
sample. The percentage of each species of 
Foraminifera in each sample was then calcu- 
lated, based on the number of specimens of 
the species in proportion to the total num- 
ber of specimens (total population) in the 
sample. 


LOCALITY, OUTCROP, AND SAMPLES 


Locality.—The section was collected from 
the classic Weches locality, the main ex- 
posure of the Weches formation approxi- 
mately 1000 feet west of the old highway 
bridge over the Colorado River, Smith- 
ville, Bastrop County, Texas. The old high. 
way bridge has been torn down but part of 
the foundation still exists. The new high- 
way bridge is approximately 1000 feet west 
of this outcrop. 

Outcrop and samples.—This outcrop has 
been described in detail by Stenzel (1938; 
1940a, b; 1953), Feray (1948), and Stephen- 
son (1946). The following summary shows 
position and description of samples used in 
present study: 


Top: 

Glauconitic ferruginous sandstone ledge 3” 
Brown glauconitic clay, relatively uncom- 
pacted 6” 


Sample 24. Washed residue: glauconitic 
pellets and shell fragments (molluscs), 
with limonite stain. Sample from just 
below sandstone ledge. 
Sample 23. Washed residue: glauconitic 
pellets and shell fragments (molluscs), 
with limonite stain. p 
Glauconitic ferruginous sandstone ledge 6” 
Sample 22. Washed residue: more shell 
fragments than in Sample 23; rest of 
sample glauconite; one angular quartz 
grain noted; limonite stain greater than 
in samples above. 
Brown crumbly glauconitic shale La 
Sample 21. Washed residue: fewer shell 
fragments and less limonite stain than 
in Sample 22; glauconite is major con- 


quartered in order that 300 to 500 specimens stituent. 
HK Mo —Oakville sandstone Miecens 


Mc —Catahoula sandstone 


Ej —Jackson 
Ey —Yegua 


Ly 
Ecm—Cook Mountain 
Es —Sparta sand 
Ew —Weches greensand 
Eqc —Queen City sand 


Er —Reklaw 
Ec —Carrizo 
Ewi —Wilcox 


Ewp—Wills Point clay 


Ek —Kincaid 
(After Geologic Map of Texas, 1936.) 


Eocene 


te 
ae 
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Dark grayish brown sandy glauconitic clay 16” (1929, p. 1356) to designate the Claiborne 











—. 20. Washed residue: Same as Eocene, strata lying between the ee _— 
Sample 19. Same. City and Sparta sands exposed in Ea 
Sample 18. Same. ; ' Texas. 

Sample 17. Washed residue: less limonite Viesca member.—The three subdivisio S 
stain than in Sample 18: a few quartz f the Wark . ns J 
grains and rare calcite crystals; glau- of the Weches formation (Tyus member at 
conite is major constituent. the base, Viesca member, and Zilpha mem. | 2 

Sample 16. Washed residue: glauconite; ber at the top) were described in detail 
large increase in shell fragments as by Stenzel (1940a; 1940b). The name . 
compared with Sample 17; no quartz ei . 
grains observed. Therril was also applied to the upper mem. | # 

Ferruginous sandstone ledge 34” ber (Stenzel, 1938; Stephenson. 1946). The | # 

Sample 15. Washed residue: Principally Therril member was raised to formational : 
glauconite; great increase in quartz rank and said to be above the Weches by | * 
grains and calcite crystals; limonite ; = ) 
ne Stenzel in 1953. = 

Dark brown glauconitic sandy clay an* The Viesca member of the Weches consists , 

—— 14. a yee principally principally of greensand and _glauconitic 
agen ag and shell fragments; fimo- clay. It comprises the main exposure of | 4 

Sample 13. Washed residue: clean glau- the Weches at Smithville, where it is 13,3 
conitic pellets and shell fragments; no feet thick. Samples from this member were “ 

sn ee eee: ae described by Stephenson (1946, p. 300; his 
amount of limonite stain on glauconite Locality 5). , i 
and shell fragments; a few grains of 2 

Py: Ty observed. PALEOECOLOGY 0 

Dark gray to black compacted glauconitic Depth Zones ‘ 

_ SO Wasied cectfiue: Sour os . Quingueloculina claiborniana and Sipho- Io 
above. , nina claibornensis are the most abundant | ° 
Resistant ferruginous sandstone ledge with species in the Viesca section, and also | / 

as Pp : . | 
—— es te aceon ae show the greatest variation in abundance. 
Beh he: som int deen pRrsreion a. Quinqueloculina claiborniana varies from 0% 
a. ; ; » in Sample 20 to 60% in Sample 9. Siphonina 
rado River. 24 sens = ‘ _ 

Sample 9. Washed residue: glauconite, claibornensis varies from 0% in Sample 9to | y 
shells, and shell fragments stained with 59% in Sample 23. The frequency of 5. 0- 

ecu eal acl ak Gow claibornensis varies inversely with that of : 
ments and. glauconite, covered with Q. claiborniana. Interpretation of depths of 
limonite stain; some quartz grains ob- water in which the Viesca member was de- 

Oli served. ' le ieadiie ai seh posited is based on the variations in dis- 
ec tending a ay oy = tribution of Q. claiborniana and S. clai- 

Sample 7. Washed residue: glauconite, bornensis in the section, and on the pres- r 
with more quartz grains than in Sam- ence of a 2-foot ‘‘oyster bed”’ containing | 9 
ple 8; some calcite; very slight limonite abundant Mollusca. Figure 2 shows the | “ 

Sample 6 — inverse relationship in the frequency of 

Dark olive-green glauconitic sandy clay Q. claiborniana and S. claibornensis in this 
with limonite stain section (also see Figs. 3, 4, 5). 

Sample 5. Washed residue: same as Sam- It is possible to divide the Viesca section | 

ple 6. ; P : mere 
Gray to black glauconitic sandy clay with into four depth zones using the relationship ‘ 
limonite stain. To water’s edge 14” between the frequencies of these two species, | os 

Sample 4. Washed residue: same as Sam- as shown in Figure 2. Variations in fre- 

ars a quencies of associated species are shown 10 | ar 

Seauhe © Ge Figures 4 and 5. It is further possible to | 

Sample 1. Same. interpret the approximate depths of wate! | 

in each of the depth zones, based principally — 
saieaeeemaeainiel on the Recent depth distribution of the 


Weches formation.—The name Weches_ genera Quingueloculina and Siphonina, and 
was proposed by Wendlandt and Knebel _ the ecology of oysters. 
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SPECIES 


Alabamina wilcoxensis 

na sp 
Anomoalina costiana 

erina 
ellisi 

Bolivina 
Ceratobulimina stellata 
Cibicides 
Cibicides sassei 
Dentalina sp. 
Discorbis stenzeli 
Discorbis yeguaensis 
Eponides mexicanus 
Guttulina sp. 
Gyroidina soldanéi var. 
H cf. ans 
L asp. 
Lamarckina claibornensis 
Lenticulina alato-limbata 
Nonion m 


Nonionella 
claiborniana 


na spp. 


claibornensis 
zapotensis 
extularia claibornensis 
extularia smithvillensis 
extularia spp. 
riloculina trigonula 
na s 


@| x} |<} >< | le | 


lina 
ktonic spp. x 


SAMPLES 


x 
x x 





Fic. 3—Percentage distribution of Foraminifera in Viesca member, Weches formation, Smithville, 
Texas. Figures given for each species are percent of total population in each sample. X equals less 
than 1%. (Specific determination of Foraminifera in Sample 8 was impossible, due to poor preserva- 


tion of specimens.) 


Ecology 


Ecology of  Quinqueloculina.—Parker 
(1948, p. 221) reports Q. seminula (Lin- 
naeus) present in appreciable quantities in 
Zone 1 (her paper), which ranges in depth 
from 0 to 15 meters. This includes the lit- 
toral and sublittoral zones. She records high- 
est percentages of Q. seminula in Zone 2 (her 
paper), 15 to 90 meters deep. 

Israelsky (1949, p. 94) places the Milio- 


lidae in his Group II. This group is called 


the beach assemblage. The Miliolidae is | 


composed mainly of Quinqueloculina in the 
section he studied. His Group II is shallower 
than Group III, which he states probably 


represents the sea weed zone assemblage. | 
The writer is not sure what depth range the | 


sea weed zone represents in Israelsky’s 
paper. Undoubtedly this group would fall 
in the depth range of the euphotic zone. This 
zone is defined (Sverdrup, 1946, p. 774) 
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as being “abundantly supplied with light 
suficient for the photosynthetic processes 
of plants. This zone extends from the surface 
to 80 or more meters. All of the eulittoral 
zone lies within this layer.’’ The depth of 
light penetration sufficient for effective 
plant production will vary with the latitude 
and season. According to Termier and Ter- 
mier (1952, pp. 173-175) the sea weed 
yne extends from the tidal zone to 40 
meters, containing Miliolidae and abundant 
attached Mollusca. Israelsky, consequently, 
has three zones or groups less than 80 
meters in depth (Groups I, II, and III), and 
two groups greater than 80 meters (Groups 
IV and V). 

Lowman (1949, fig. 17) shows Recent 
Miliolidae (mostly Quinqueloculina) as be- 
ing most abundant at depths between 5 
feet and 90 feet, and also between 153 feet 
and 223 feet. Lowman’s samples were from 
the Gulf of Mexico east of the Rio Grande. 
The high frequencies in two different depth 
znes may indicate that the 153’—223’ 
fauna has been displaced from shallower 
water, or that different species of Miliolidae 
are present in the deeper waters. In his Fig. 
15, Lowman shows Quinqueloculina spp. as 
being most abundant between 100 and 175 
feet. These samples were taken in the Gulf 
of Mexico south of Pensacola and Chocta- 
watchee bays, west Florida. Lowman (p. 
1956) places the Miliolidae in a strongly 
brackish (‘'15,000 ppm. chloride”) near- 
shore (inner neritic) environment. 

According to Phleger (1951, p. 48) 
Quingueloculina lamarckiana has its greatest 
frequency at depths shallower than 100 
meters (attaining frequency up to 4%). 
Generalized depth range charts by Phleger 
(1951, pp. 52, 53) show Q. bicostata and Q. 
horrida occurring to depths of 200 meters. 
One living specimen of Q. lamarckiana was 
recorded from 33 meters in the Gulf of 
Mexico (Phleger, 1951, p. 63). From the 
Foraminifera distribution charts, it may be 
noted that Q. lamarckiana has its highest 
frequency at about 40 meters. The other 
Quingueloculina spp. present in the area 
studied by Phleger (1951) have very low 
frequencies (3% or 4% to less than 1%). 
Parker (1951, pp. 7, 8) reports Q. bicostata 
d'Orbigny found off the coast of Florida at 
110 meters (percentage not given); Q. 
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lamarckiana d’Orbigny from West Indian 
region to North Carolina coast from 2 to 
11 meters (frequency not given); and Q. 
vulgaris d’Orbigny in the Mediterranean 
and the east coast of South America from 18 
to 40 meters. These reports are from older, 
non-quantitative records. 

In Phleger’s study (1952, p. 379) of the 
Foraminifera off Portsmouth, New Hamp- 
shire, Quinqueloculina subrotunda has the 
highest frequency among the Quinqueloculi- 
na spp. At Station 707, 18 meters, this 
species constitutes 14% of the Foraminifera 
population of the sample. 

Parker (1952, p. 453) records Quinquelo- 
culina seminula, Q. seminula var. jugosa, 
and Q. subrotunda as having their most 
persistent occurrence in Facies 3A, which 
has a depth range of 8 to 76 meters. Accord- 
ing to Parker (1952, p. 456) Q. seminula 
and Q. seminula var. jugosa are confined to 
depths less than 90 meters in the area 
covered by her study. 

In an ecological study by Phleger, Par- 
ker, and Peirson (1953), the following 
species of Quinqueloculina are discussed: 
Q. cf. Q. compta, Q. cultrata, Q. funafutiensis, 
Q. lamarckiana, Q. poeyana, Q. rhodiensis, 
Q. seminula, Q. wiesneri. In this paper a 
generalized distribution chart of Foramini- 
fera places Q. cf. Q. compta, Q. seminula, 
and Q. wiesneri most abundant in the beach 
subfacies. Q. cultrata is most abundant in 
the bays but also occurs in the open Gulf 
out to 60 feet, and in the beach subfacies. 
Q. lamarckiana is most abundant in near- 
shore open Gulf of Mexico, and in the beach 
subfacies, but is also present in the bays. 
Q. poeyana is most abundant in the beach 
subfacies and in the bay facies. Distribution 
of Q. rhodiensis is similar. For that study, 
samples were taken in the open Gulf facies 
to 60 feet depth, and the beach subfacies is 
considered essentially an open Gulf as- 
semblage by Phleger (1953, p. 16). The bays 
have depths less than 2 meters. 

Conclusions: These references indicate 
that Quinqueloculina is most abundant 
from the beach out to approximately 90 
meters. The literature on Recent or living 
Foraminifera appears to indicate highest 
frequencies to about 30 to 40 meters. This 
30 to 40 meter depth interpretation is a 
general statement as Quinqueloculina does 
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occur in much deeper water, but not abun- 
dantly. Because of the extremely high per- 
centage (over 50%) of Quinqueloculina in 
Sample 9, the depth of water in which this 
sample was deposited is interpreted as being 
less than 30 meters. This depth would be 
close to, if not in, Israelsky’s (1949) Group 
II or beach assemblage. The shallowest 
marine environment at the Smithville 
locality during deposition of the Viesca 
member was littoral to inner neritic (classi- 
fication of Shrock and Twenhofel, 1953, 
p. 13). 

Ecology of Siphonina.—lIsraelsky (1949) 
shows on his oscillation chart Siphonina 
jacksonensis var. limbosa in Group V, which 
is the deepest-water assemblage considered 
in his paper. His Group III represents the 
seaweed zone, and Groups IV and V are 
successively deeper assemblages. Group V 
would be deeper than the euphotic zone 
(80 meters). Associated with Siphonina in 
Group V are Uvigerina, Bolivina, and 
Gyrotdina. 

Lowman (1949, Fig. 15) shows Siphonina 
spp. as being most abundant between 600 
and 700 feet in a traverse from the Gulf of 
Mexico south of Pensacola and Chocta- 
whatchee bays, western Florida. In this 
traverse, Siphonina is associated with 
Uvigerina, Bolivina, and ‘‘Cristellaria.”’ Low- 
man places Uvigerina and Bolivina in the 
upper part of the continental slope (inner 
bathyal). 

Phleger (1951, p. 49) records Siphonina 
bradyana at a few stations in 8 traverses, 
with a frequency usually 3% or less, but as 
high as 10%, not present shallower than 45 
meters, but extending to 700 meters. S. 
pulchra occurs at many stations in all 
traverses with frequencies up to 10%; rare 
at less than 30 meters; most common be- 
tween about 30 meters and 225 meters, but 
extending to 1000 meters. In Traverse II 
(Phleger, 1951) the highest percentage of 
living Siphonina pulchra is 4% at 82 meters. 
In Traverse IV, the highest percentage of 
living S. bradyana is 4% at 60 meters. 

Parker (1951, p. 24) reports that the 
species Siphonina bradyana has been found 
in the West Indian region from 85 to 1508 
meters. 

Conclusions: Siphonina ranges in depth 
from about 30 meters to 1508 meters. The 


most common occurrence of Siphonina ap. 

pears to be between 30 and 225 meters, Low. 

man (1949) and Israelsky (1949) report 

Uvigerina and Bolivina associated with 

Siphonina in the deeper part of this range, 
Ecology of oysters —Grabau (1932, p. 986) 

refers to oysters in Brazil which are attached 

to roots of mangrove trees. The oysters are 
consequently laid bare at low tide. 

According to Stenzel (1944, pp. 7-8) the 
preferred location of oyster banks jg jp 
brackish water. This would indicate near 
shore and shallow distribution. 

“Brackish” may be a rather vague term: 
therefore it may be advisable to show the 
classification of water. One classification, 
related to chlorinity, was proposed by 
Redeke; a second classification, based on 
salinity, by Valikangas (Hedgpeth, 1951, 
p. 50). 

The term ‘‘brackish’’ is used by many 
paleontologists to indicate any salinity 
less than salinity 30.0—35.0°/,.. : 

Gardner (1944, p. 17) states: “Ostrea 
sellaeformis reefs indicate bottoms at least 
sufficiently hard and water sufficiently clear 
to permit larval forms to adhere to the clutch 
and to develop.” 

Regarding temperature, Sverdrup (1946, 
pp. 846, 947) states: 

“Results of examination of different 
species of oysters illustrate the variations in 
the critical spawning temperatures of mar- 
ine animals...the following minimum 
spawning temperatures have been estab- 
lished with considerable certainty (review 
by Hopkins, 1937): 

Ostrea virginica 20°C. (exceptionally at tempera- 
tures as low as 17°C. or slightly less; Loosanoff, 
1939) 

O. gigas 22-25°C. (Galstoff, 1930; Elsey, 1934) 

O. edulis 15-16°C. (Orton, 1920) 

O. lurida 14-16°C. (Hopkins, 1937) 


‘Although the above temperatures may be 
considered threshold temperatures, they can 
operate as determining factors only when 
other external and internal conditions are 
also within the favorable range. For exam- 
ple, the gonads must have reached the prop- 
er degree of development, which is itself 
a fundition of temperature and_nourish- 
ment; the pH must be favorable, about 8.2 
for Ostrea virginica (Prytherch, 1929); the 
presence of spermatozoa in the water may 
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TABLE 1—(HEDGPETH, 1951, Pp. 50) 








—_— 
Redeke (1922, 1933) 
Cl °/o0 


Valikangas (1933) 
So 


00 





Less than 0.1 


0.1- 1.0 


(Mesohaline) 
alpha (Redeke) 


1.0- 5.5 


Fresh water 
(Infrahaline) 


Brackish water 
(Oligohaline) 


Less than (0.2) 0.5 


(0.2) 0.5-(2.0) 3.0 


(2.0) 3.0-8.0 (10.0) 


meiomesohaline 
(Valikangas) 


5.5-10.0 


beta (Redeke) 


8.0 (10.0)-16.5 


pleiomesohaline 
(Valikangas) 


10.0-17.0 
More than 17.0 





be necessary; and other uncertain factors 
also are involved (Galtsoff, 1930, 1938).”’ 
Ladd (1951) writes the following con- 
cerning the ecology of oysters: 


(1!) The reef-building oysters have a number of 
essential requirements, and one of the most 
important for their optimum environment is 
salinity about midway between that of fresh 
water and that of normal sea water. (p. 133) 

(2) In the “reef facies’’ in lower St. Charles Bay 
off the south Texas coast (3 to 4 feet in depth) 
the bottom is uneven with patches of oysters 
(p. 150). 

(3) In the “‘reef facies’’ sedimentation apparently 
is not rapid enough to interfere with the at- 
—— of spats and growth of oysters (p. 
150). 

(4) Crassostrea virginica (a reef-building oyster) 
are estuarine animals that require a salinity 
well below that of normal sea water (35.0°/,,) 
for optimum development. 


Termier and Termier (1952) make the 
following references to the ecology of 
oysters: 


(1) Oysters, in general, prosper in changeable 
conditions, such as would prevail in very shal- 
low waters (p. 96). 

(2) Some species of oysters are estuarine (p. 126). 

(3) Mollusca of the intertidal zone include clams 

__ and oysters (p. 157). 

(4) Oysters form banks which have different shell 
assemblages characteristic of the depth of the 
deposit, ranging from the littoral zone to the 
deep part of the neritic zone. The genera Os- 
an Gryphaea belong to the littoral zone 
p. 213). 


(Polyhaline) 


Marine water 
(Ultrahaline) 


16.5--30.0 
More than 30.0 





(5) The genus Ostrea is listed in a shore assem- 
blage (p. 563). 

(6) Ostrea is a prominent component of a typical 
coral reef assemblage. The optimum depth 
for coral reefs is less than 40 meters. 


According to Norris (1953, p. 571) most 
modern oyster reefs in Texas bays occur at 
dept :s less than 6 feet, and many are par- 
tially exposed during periods of low water. 

Conclusions: The oyster bed found in the 
Viesca member appears to indicate the 
following environmental conditions during 
the deposition of that 2-foot unit: 

(1) Depth from 0 to 40 meters; probably near- 
shore or in intertidal zone. 

(2) Relatively clear water (low turbidity). 

(3) Brackish to marine waters, preferably below 
normal ocean salinity; possibly bay or estuar- 
ine environment. 

(4) Temperature minimum 14°C. 

(5) Sedimentation slow enough not to interfere 
with growth of oysters. 


Depth Interpretation 


The four depth zones in the Viesca sec- 
tion, and their approximate depths as 
interpreted from the Recent depth distribu- 
tion of Quinqueloculina and Siphonina and 
oysters, are as follows: 

Depth Zone I: (shallow) includes Samples 5, 6, 7, 

8, 9, and 10. Depth is between 0 and 40 meters. 
Depth Zone II: (intermediate shallow) includes 

Samples 4, 11, 12, 13, and 14. Depth is from 30 

to 50 meters. 
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Depth Zone III: (intermediate deey) includes 
Samples 1, 2, 3, 15, 16, 17, and 18. Depth is 
from 50 to 80 meters. 

Depth Zone IV: (deepest) includes Samples 19, 
20, 21, 22, 23, and 24. Depth is from 70 to 100 


meters. 


The shallowest water, in which the oyster 
bed (Samples 8 and 9) was deposited, was 
probably no less than 1 meter in depth 
(based on ecology of oyster bank), and the 
deepest water probably was no deeper than 
about 100 meters (based on scarcity of 
Uvigerina, Bolivina, and planktonic For- 
aminifera in samples abundant in Sipho- 
nina). 

The sequence of water depths at Smith- 
ville during deposition of the Viesca section 
covered in this paper is as follows, beginning 
at the base of the section: intermediate 
deep to intermediate shallow to shallow to 
intermediate shallow to intermediate deep 
to deep. This sequence is shown in Figure 2; 
it indicates that minor oscillations of sea 
level took place during Viesca time. Krum- 
bein and Sloss (1951, p. 320) state that 
“the rate of subsidence may be very slow 
in more stable areas, and interrupted by 
numerous oscillations.’”” Such oscillations 
are demonstrated by the changes of depth of 
water during deposition of the Viesca 


section. 


FORAMINIFERAL ASSEMBLAGES OF 
DEPTH ZONES 


Figures 4 and 5 show the variation in 
abundance of each of the foraminiferal 
species throughout the Viesca member. 
The assemblages and relative abundance 
of species in each depth zone can be inter- 
preted from Figure 4 and Figure 3. As- 
semblages found in each depth zone are 
as follows: 


Depth Zone I (shallow): 0 to 40 meters 
Average % in 


Species this zone 
Quinqueloculina claiborn- 42% Abundant 
jana 

Discorbis yeguaensis 7.58% Common 
Ceratobulimina stellata 5.65% 
Asterigerina sp. 5.40% 

Siphonina claibornensis 5.24% 

Eponides mexicanus 4.93% 
Lamarckina claibornensis 4.64% 

Triloculina trigonula 4.51% 

Textularia smithvillensis 3.18% 
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Amphistegina sp. 2.90% 
Cibicides sassei 2.67% 
Discorbis stenzeli 2.40% 
Lenticulina alatolimbata 1.87% Rare 
Anomalina costiana 1.45% 
Cibicides pseudowueller- 0.95% 
storfi 
Spiroplectammina zapo- 0.62% | 
tensis 
Sigmomorphina jackson- 0.14% 
ensis 
Nonion planatum 0.13% 
Bitubulogenerina ellisi 0.07% 
Gyroidina soldaniivar.oc- 0.02% 


tocamerata 


Depth Zone II (intermediate shallow): 30 to 59 





meters 
Species Average % in 
this zone 

Quinqueloculina claiborn- 30.86% Abundant 

iana 
Siphonina claibornensis 15.42% 
Eponides mexicanus 10.58% Common | 
Discorbis yeguaensis 8.90% 
Asterigerina sp. 7.92% 
Ceratobulimina stellata 5.88% 
Anomalina costiana 5.76% 
Cibicides sassei 5.68% 
Spiroplectammina zapo- 1.78% Rare 

tensis 
Lenticulina alatolimbata 1.56% 
Textularia smithvillensis 1.43% 
Triloculina trigonula 1.42% 
Cibicides pseudowueller- 1.09% 

storfi 
Bitubulogenerina ellisi 0.87% 
Sigmomorphina jackson- 0.64% 

ensis 
Discorbis stenzeli 0.52% 
Amphistegina sp. 0.32% 


Lamarckina claibornensis 0.26% 

Nonion planatum 0.08% 

Gyroidina soldanii var. 0.04% 
octocamerata 


Depth Zone III (intermediate deep): 50 to 80 
meters 


Average % in 


Species this zone 
Siphonina claibornensis 21.58% Abundant 
Discorbis yeguaensis 12.54% Common 
Anomalina costiana 12.32% 
Ceratobulimina stellata 11.32% 
Eponides mexicanus 8.33% 
Quinqueloculina claiborn- 8.14% 

iana 
Cibicides sassei 6.73% 
Lenticulina alatolimbata 4.70% 
Spiroplectammina zapo- 4.12% 
tensis 
Asterigerina sp. 3.26% 
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Discorbis stenzeli 1.87% Rare 
a pseudowueller- 1.34% 
stor 


Lamarckina claibornensis 
Textularia smithvillensis 
Gyroidina soldanii var. 
octocamerata 
Bitubulogenerina ellisi 
Nonion planatum 
Triloculina trigonula 
Amphistegina sp. 
Sigmomorphina jackson- 
ensis 


eee oed © oem 
i. . eS 
=) 
BS 


Depth Zone IV (deep): 70 to 100 meters 
Average % in 


Species this zone 
Siphonina claibornensis 40.15% Abundant 
Eponides mexicanus 16.65% Common 
Anomalina costiana 14.30% 
Ceratobulimina stellata 4.62% 
Lamarckina claibornensis 4.00% 
Textularia smithvillensis 4.00% 
Lenticulina alatolimbata 2.87% 
Discorbis yeguaensis 2.62% 
Nonion planatum 2.35% 
Quinqueloculina claiborn- 2.33% 
iana 

Cibicides sassei 2.19% 

Sigmomorphina jackson- 0.63% Rare 
ensis 

Spiroplectammina zapo- 0.46% 
tensis 

Gyroidina soldanii var. 0.21% 
octocamerata 

Bitubulogenerina ellisi 0.13% 

Cibicides pseudowueller- 0.12% 
storfi 

Asterigerina discorbinoides 0.15% 


The shallowest water was probably not 
less than about 1 meter in depth (based on 
oyster bed), and the deepest water was 
probably no deeper than about 100 meters. 
Uvigerina and Bolivina, which are reported 
by Lowman and Israelsky as common below 
100 meters, are absent or very scarce in the 
Viesca samples. Planktonic Foraminifera 
are very rare in the Viesca samples. 


FORAMINIFERA SPECIES 
Family TEXTULARIIDAE d’Orbigny 
Genus SPIROPLECTAMMINA Cushman, 
1927 
SPIROPLECTAMMINA ZAPOTENSIS (Cole) 
Plate 30, figures 3, 4 
Textularia mexicana COLE, 1927, Bull. Amer. 
Paleontology, vol. 14, no. 51, p. 11, pl. 5, fig. 5. 

Textularia zapotensis COLE, 1929, Corrigenda to 
same publication. New name for T. mexicana 
Cole, preoccupied. 


| 


Textularia cf. mississippiensis Cushman Cus | 
MAN and Tuomas, 1929, Jour. Paleontol 4 
vol. 3, p. 177, pl. 23, fig. 1a, 1b, By; 


This species shows greatest abundance 
in samples 1, 2, 3, and 4. It hasa relatively 
constant frequency of less than 2% through. 
out the samples above Sample 4. 

Average frequency in depth zones: 

Depth Zone 1:0.62% 
Depth Zone II: 1.78% 


Depth Zone III: 4.12% 
Depth Zone IV: 0.46% 


Genus TEXTULARIA Defrance, 1824 
TEXTULARIA SMITHVILLENSIS Cushman 
and Ellisor 
Plate 30, figures 1, 2 
Textularia smithvillensis CUSHMAN and ELLIs0R 
1933, Cushman Lab. Foram. Research, Contr. 
vol. 9, p. 95, pl. 10, fig. 10. 
This species occurs in all samples in the 
Viesca member. The frequency ranges from 
less than 1% in samples 1, 2, and 3, to 12%, 
in Sample 21. 
Average frequency in depth zones: 
Depth Zone I: 3.18% 
Depth Zone II: 1.43% 


Depth Zone III: 1.06% 
Depth Zone IV: 4.00% 


Family MILIoLiDAE d’Orbigny 
Genus QUINQUELOCULINA d’Orbigny, 
1826 
QUINQUELOCULINA CLAIBORNIANA 
Stadnichenko 
Plate 30, figures 5-7 
Quinqueloculina claiborniana STADNICHENKO, 
1927, Jour. Paleontology, vol. 1, p. 226, pl. 38, 
figs. 23, 24. 
Quinqueloculina yeguaensis WEINZIERL and Ap- 
PLIN, 1929, Jour. Paleontology, vol. 3, p. 39, 
pl. 44, fig. 4. 


This species has a wide range of abun 
dance in the Viesca member. Its frequency 
ranges from 0 in Sample 20 to 60% in San- 
ple 9. The greatest abundance is found in 
the oyster bed (Sample 9) and immediately | 
above and below the oyster bed. This species 
is used as a key to the interpretation of the 
different depth zones during deposition 0! 
the Viesca member. When the frequency 
Q. claiborniana is compared with that 0 
Siphonina claibornensis it is seen that a0) 
inverse relationship in the frequencies of | 
these two species exists. 
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Average frequency in depth zones: 


Depth Zone I: 42.90% 
Depth Zone II: 30.86% 
Depth Zone III: 8.14% 
Depth Zone IV: 2.33% 


Genus TRILOCULINA d’Orbigny, 1826 
TRILOCULINA TRIGONULA (Lamarck) 
Plate 30, figures 8-10 
Viliolites trigonula LAMARCK, 1804, Ann. Mus., 
“ yol. 5, no. 3, p. 351; 1807, Ann. Mus., vol. 9, 


pl. 17, fig. 4. : ‘ 
Triloculina trigonula D’'ORBIGNY, 1826, Ann. Sci. 

Nat., vol. 7, no. 1, p. 299, pl. 16, figs. 5-9. 

Modéles, no. 93. 

This species occurs in samples 1 through 
16, but not in samples above 16. Its fre- 
quency ranges from 0 in several samples 
to 8% in Sample 6. 

Average frequency in depth zones: 

Depth Zone 1:4.57% 
Depth Zone II: 1.42% 


Depth Zone III: 0.52% 
Depth Zone IV: 0.00% 


Family LAGENIDAE Reuss 
Genus LENTICULINA Lamarck, 1804 
LENTICULINA ALATOLIMBATA (Giimbel) 
Plate 30, figures 11, 12 

Robulina alato-limbatus GEMBEL, 1868, K. Bayer. 
Akad. Wiss. Miinchen, KI. 2, Abh., vol. 11, 
p. 641, pl. 2, fig. 70. 

Cnstellaria alato-limbatus CUSHMAN and APPLIN, 
1926, Amer. Assoc. Pet. Geol., Bull., vol. 10, p. 
171, pl. 8, fig. 8. 

This species occurs in all samples, and the 
frequency range is from less than 1% to 8%. 
The highest frequencies occur in the sam- 
ples above the oyster bed, and are highest 
insamples 17 and 18. 

Average frequency in depth zones: 

Depth Zone I:1.87% 
Depth Zone II: 1.56% 


Depth Zone III: 4.70% 
Depth Zone IV: 2.87% 


Family PoLYMORPHINIDAE Brady 
Genus SIGMOMORPHINA Cushman and 
Ozawa, 1928 
SIGMOMORPHINA JACKSONENSIS 
(Cushman) 
Plate 30, figures 13-15 
Polymorphina jacksonensis CUSHMAN, 1926, 
Cushman Lab. Foram. Research, Contr., vol. 
2, p. 35, pl. 5, fig. S. 
This species occurs in 14 samples but in 
only two samples with frequencies of as 
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much as 1%, the other 12 samples contain- 
ing less than 1%. 
Average frequency in depth zones: 
Depth Zone 1[:0.14% 
Depth Zone II: 0.64% 


Depth Zone III: 0.10% 
Depth Zone IV: 0.63% 


Family NONIONIDAE Schultze 
Genus Nonion Montfort, 1808 
NONION PLANATUM Cushman and 
Thomas 
Plate 30, figures 16, 17 


Nonion planatum CUSHMAN and THomas, 1930, 
Jour. Paleontology, vol. 4, p. 37, pl. 3, fig. 5. 


This species has a very low frequency in 
samples in which it is present. Only in sam- 
ples 18 through 20 does its frequency range 
above 1%. The range of abundance of this 
species is from 0 to 3%. 

Average frequency in depth zones: 

Depth Zone 1:0.13% 
Depth Zone II: 0.08% 


Depth Zone III: 0.59% 
Depth Zone IV: 2.35% 


Family BULIMINIDAE Jones 

Genus BITUBULOGENERINA Howe, 1934 

BITUBULOGENERINA ELLISI Howe 
Bitubulogenerina ellisi HOWE, 1939, Louisiana 

Dept. Cons., Geol. Bull. 14; p. 69, pl. 8, figs. 

36, 37. 

This species occurs in samples 10 through 
19, but never with a frequency greater than 
2%. According to Feray (1948, p. 184) 
this species is normally restricted to the 
Viesca member in the Weches. 

Average frequency in depth zones: 

Depth Zone I:0.07% 
Depth Zone II: 0.87% 


Depth Zone III: 0.62% 
Depth Zone IV: 0.13% 


Family ROTALIIDAE Reuss 
Genus DiscorBis Lamarck, 1804 
DISCORBIS STENZELI Garrett 
Plate 31, figures 3, 4 
Discorbis stenzeli GARRETT, 1942, Jour. Paleontol- 
ogy, vol. 17, p. 484, figs. la—c. 

The greatest frequencies of D. stenzeli 
(1 to 6%) are found in samples below the 
oyster bed. Above the oyster bed it occurs 
in Sample 10 at 1% and in Sample 13 at 
less than 1%. Feray (1948, p. 184) states 
that this species is usually confined to the 
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Viesca member of the Weches. 
Average frequency in depth zones: 
Depth Zone [: 2.40% 
Depth Zone II: 0.52% 


Depth Zone III: 1.87% 
Depth Zone IV: 0.00% 


DISCORBIS YEGUAENSIS Weinzierl and 
Applin 
Plate 31, figures 1, 2 
Discorbis yeguaensis WEINZIERL and APPLIN, 

1929, Jour. Paleontology, vol. 3, p. 405, pl. 44, 

fig. 5. 

D. yeguaensis occurs in all samples, with 
frequencies ranging from 1% in Sample 24 
to 20% in Sample 1. The greater abundances 
are in samples below the oyster bed. 

Average frequency in depth zones: 

Depth Zone I: 7.58% 
Depth Zone II: 8.90% 


Depth Zone IIT: 12.54% 
Depth Zone IV: 2.62% 


Genus LAMARCKINA Berthelin, 1881 
LAMARCKINA CLAIBORNENSIS Cushman 
Plate 31, figures 5, 6 
Lamarckina marylandica var. claibornensis CUSH- 

MAN, 1926, Cushman Lab. Foram. Research, 

Contr., vol. 2, p. 10. 

Lamarckina marylandica var. yeguaensis CUSH- 
MAN, 1926, Cushman Lab. Foram. Research, 
Contr., vol. 2, pp. 10, 36, pl. 4, fig. 1. 

This species occurs in two separate sec- 
tions of the Viesca member. It is present 
in samples 1 through 9 with frequencies 
ranging from 1 to 7%. It is absent from sam- 
ples 10 through 17. This break in distribu- 
tion is probably due to some environmental 
factor. From sample 18 through 24 the fre- 
quencies range from less than 1% to 5%. 

When there is a break in the distribution 
of a species, as in this case, the first impres- 
sion is that there may be two species. It is 
believed, however, that in the Viesca sec- 
tion at Smithville only one species, Lamarc- 
kina claibornensis, is present. The L. 
claibornensis found in the upper section, 
with slightly raised sutures, is considered 
to be the same species as the Lamarckina 
found in the lower section. The Lamarckina 
in the lower section has flush sutures. 

L. yeguaensis Cushman and L. claibornen- 
sis Cushman differ according to original 
description only in that the latter is char- 
acterized by raised limbate sutures, and 
the former by unraised limbate sutures. 
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Feray (1948, p. 118) has made a study of 
this problem, and concluded, on the basis 
of the gradation of one type of suture into 
the other in the same formation, that the 
two groups should be designated as one. 
Average frequency in depth zones: 
Depth Zone I: 4.64% 
Depth Zone II: 0.26% 


Depth Zone III: 1.26% 
Depth Zone IV: 4.08% 


Genus GyRoIpDINA d’Orbigny, 1826 
GYROIDINA SOLDANII d’Orbigny var, 
OCTOCAMERATA Cushman and Hanna 

Gyroidina soldanii var. octocamerata Cusymay 
and Hanna, 1927, Proc. Calif. Acad. Sci., 4th 
ser., vol. 16, no. 8, p. 223, pl. 14, figs. 16-18, 
This species is rare in the Viesca member 

of the Weches formation. In only 3 samples 

(1, 2, and 24) does it occur with frequency 

greater than or as much as 1%. It is found 

in five other samples at less than 1%, 
Average frequency in depth zones: 

Depth Zone 1[:0.02% 
Depth Zone II: 0.04% 


Depth Zone III: 0.78% 
Depth Zone IV: 0.21% 


Genus EPoNIDES Montfort, 1808 
EPONIDES MEXICANUS (Cushman) 
Piate 30, figures 18, 19 
Pulvinulina mexicana CUSHMAN, 1925, Amer. 

Assoc. Pet. Geol., Bull., vol. 9, p. 300, pl. 7, 

figs. 7, 8. 

This species is found in all samples. 
Frequencies range from less than 1%, to 
19% in samples 19 and 24. The species is 
most abundant in the upper six samples 
(19 through 24). 

Average frequency in depth zones: 

Depth Zone I: 4.93% 
Depth Zone II: 10.58% 


Depth Zone III: 8.53% 
Depth Zone IV: 16.65% 


Genus ALABAMINA Toulmin, 1941 
ALABAMINA WILCOXENSIS Toulmin 
Pulvinulinella exigua var. obtusa CUSHMAN and 

PoNTON (non BuRROwS and Hottanp), 1932, 

Cushman Lab. Foram. Research, Contr., vol. 

8, p. 71, pl. 9, figs. 9a—c. 
Alabamina wilcoxensis Toutmin, 1941, Jour. 

Paleontology, vol. 15, p. 603, pl. 81, figs. 10-14; 

text-figs. 4a-c. 

A. wilcoxensis is found only in samples 
10 and 11, with a frequency of less than 1%. 
It is impossible to assign this species to any 
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ecologic group due to the rarity of its oc- 


currence in the Viesca member. 


Genus SIPHONINA Reuss, 1850 
SIPHONINA CLAIBORNENSIS Cushman 
Plate 30, figures 20, 21 

“sb aee ibornensis CUSHMAN, 1927, U. S. 
og ag vol. 72, art. 20, p. 4, pl. 3, 

fig. 5. 

This species is a key species in interpret- 
ing depths of water based on freqency of 
foraminifera species. The frequency of 
5, daibornensis ranges from 0 in Sample 9 
10 59% in Sample 23. In Sample 9, where S. 
daibornensis has its lowest frequency (0%), 
Quinqueloculina claiborniana Cushman has 
its highest frequency (60%). In Sample 23 
5. daibornensis has its highest frequency 
(59%) and Q. claiborniana has a frequency 
of less than 1%. 

Average frequency in depth zones: 


Depth Zone I: 5.24% 
Depth Zone II: 15.42% 
Depth Zone III: 21.58% 
Depth Zone IV: 40.15% 


Family AMPHISTEGINIDAE Cushman 
Genus ASTERIGERINA d’Orbigny, 1839 
ASTERIGERINA Sp. 

Plate 31, figures 7, 8 


This species occurs from the lowermost 
sample (Sample 1 at 5%) through Sample 
17 (1%). It ranges in frequency from 1 to 
11%. It appears to be the same as a species 
of Asterigerina studied by Feray (1948, p. 
126, pl. 7, figs. 1 a-c). 

Average frequency in depth zones: 

Depth Zone [:5.40% 
Depth Zone II: 7.92% 


Depth Zone III: 3.26% 
Depth Zone IV: 0.05% 


Genus AMPHISTEGINA d’Orbigny, 1826 
AMPHISTEGINA sp. 
Plate 31, figures 9, 10 


This species resembles a form studied by 
Feray (1948, p. 128, pl. 7, figures 8, 9). 
Itis found only in the lower section of the 
Viesca at Smithville (samples 1-9). Only in 
samples 5, 6, and 7 does it occur with a 
frequency greater than 2%, and never 
higher than 6%. 

Average frequency in depth zones: 


Depth Zone’ I: 2.90% 
Depth Zone II: 0.32% 
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Depth Zone III: 0.24% 
Depth Zone IV: 0.00% 


Family CASsIDULINIDAE d’Orbigny 
Genus CERATOBULIMINA Toula, 1915 
Subgenus CERATOCANCRIS Finlay, 1939 
CERATOBULIMINA (CERATOCANCRIS) 
STELLATA Bandy 
Plate 31, figures 11-13 
Ceratobulimina eximia Howe (non RZEHAK), 

1939, Louisiana Dept. Cons. Geol. Bull. 14, 

p. 80, pl. 11, figs. 12, 13. 

Ceratobulimina (Ceratocancris) stellata BANDY, 
1949, Bull. Amer. Pal., vol. 32, no. 131, p. 85, 
pl. 13, figs. 6a—c. 

C. stellata Bandy occurs in nearly all 
samples; it is absent only from Sample 24. 
Its frequency ranges from 0 in Sample 24 
to 18% in Sample 15. Higher frequencies are 
found above the oyster bed than below. 
The highest frequencies are in samples 15 
(18%), 16 (17%), and 17 (17%). 

Average frequency in depth zones: 

Depth Zone I: 5.65% 
Depth Zone II: 5.88% 


Depth Zone IIT: 11.32% 
Depth Zone IV: 4.62% 


This species has been identified in several 
papers as Ceratobulimina eximia (Rzehak), 
but there are two differences in the morph- 
ology of the test that should distinguish 
C. (Ceratocancris) stellata Bandy from C. 
eximia (Rzehak). The original descriptions 
of C. eximia (Rzehak) states that it has (1) 
all sutures depressed, and (2) aperture com- 
ma-shaped in the last septal face. The origi- 
nal description of C. stellata Bandy states 
that the dorsal sutures are “oblique, lim- 
bate, and raised;’’ ‘“‘aperture a high arch 
extending upward into the last septal face;”’ 
and “pronounced stellate, calloused areas on 
the inner portions ventrally.” 


Family ANOMALINIDAE Cushman 
Genus ANOMALINA d’Orbigny, 1826 
ANOMALINA COSTIANA Weinzierl and 

Applin 
Plate 31, figures 20-22 
Anomalina costiana WEINZIERL and APPLIN, 

1929, Jour. Paleontology, vol. 3, p. 409, pl. 44, 

fig. 7. 

A. costiana occurs in all samples, with a 
frequency ranging from less than 1% in 
samples 6 and 7, to 28% in Sample 20. It 
is most abundant in samples 15 through 21. 
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Average frequency in depth zones: 


Depth Zone I: 1.45% 
Depth Zone II: 5.76% 
Depth Zone III: 12.32% 
Depth Zone IV: 14.30% 


Genus C1Bic1iDEs Montfort, 1808 
CIBICIDES PSEUDOWUELLERSTORFI Cole 
Plate 31, figures 15, 17, 18 
Cibicides pseudowuellerstorfi Cote, 1927, Bull. 

Amer. Pal., vol. 14, no. 51, p. 36, pl. 1, figs. 13, 

14. 

This species occurs with greatest frequen- 
cy in samples 1 through 6, with a frequency 
range of from 2% to 4%. It is found in other 
samples, but always less than 1%. 

Average frequency in depth zones: 

Depth Zone 1[:0.95% 
Depth Zone II: 1.09% 


Depth Zone III: 1.34% 
Depth Zone IV: 0.12% 


CIBICIDES SASSEI Cole 
Plate 31, figures 14, 16, 19 
Cibicides sassei COLE, 1927, Bull. Amer. Pal., vol. 

14, no. 51, p. 35, pl. 4, figs. 10, 11. 

This species occurs in all samples with 
frequencies ranging from less than 1% to 
15% (in sample 1). Its greatest abundance 
is in samples 1 through 4. 

Average frequency in depth zones: 

Depth Zone [:2.67% 
Depth Zone II: 5.68% 


Depth Zone III: 6.73% 
Depth Zone IV: 2.19% 


PLANKTONIC SPECIES (GLOBIGERINIDAE) 


The planktonic species, members of 
Family Globigerinidae, in the Viesca are 
relatively rare. Frequency of planktonic 
species ranges from 0 in samples 3, 9, and 
14 to 3% in sample 17. In most samples, 
they occur in frequencies of less than 1%. 
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CONCLUSIONS 


(1) Quantitative study of Foraminifera 
distribution shows variations in abundance 
of most species in the Viesca section (figs, 
4 and 5). Many of the variations do not ap. 
pear to be random, and are probably asgo¢,. 
ated with environmental differences, 

(2) During deposition of the Vieg, 
member of the Weches formation at Smith. 
ville, Texas, deposition took place in foy; 
depth zones: Zone I, 0 to 40 meters; Zone 
II, 30 to 50 meters; Zone III, 50 to % 
meters; Zone IV, 70 to 100 meters, The 
zones are based principally on the inverse 
distribution of frequencies of Quinquelocy. 
lina claiborniana (shallow water form) 
and Siphonina claibornensts (relatively deep 
water form), and on the presence of ap 
“oyster bed.”’ 

(3) There was oscillation of the Viesca 
sea in the Smithville area, from inter. 
mediate deep to intermediate shallow, to 
shallow, to intermediate shallow, to inter. 
mediate deep, to deep. Thus, the lower part 
of the Viesca was regressive, and the upper 
part transgressive (Fig. 2). 

(4) Each depth zone is characterized by 
a faunal assemblage which differs quanti- 
tatively from the assemblage in each other 
zone. 

(5) Salinity of water during Viesca dep- 
osition ranged from 16.5°/,. (oyster bed in 
Zone I) to 35°/,,. (other zones) ; or chlorinity 
from 10°/,, to 19°/.o. 

(6) Temperature of water during deposi- 
tion in Zone I was between 14° and 20°C. 

(7) During Zone I deposition, pH was 
approximately 8.2. This is a generalization 
based on favorable pH for Ostrea virginica 
production. 

(8) Relatively low turbidity is indicated 
by oyster production in Zone I. 


EXPLANATION OF PLATE 30 


All magnifications X60, except where otherwise noted. 


Fics. 1, 2—Textularia smithvillensis Cushman and Ellisor, 28. Sample 21. 
3, 4—Spiroplectammina zapotensis (Cole). Sample 2. 
5-7—Quinqueloculina claiborniana Stadnichenko. Sample 9. 
8-10—Triloculina trigonula (Lamarck). Sample 6. 
11, 12—Lenticzlina alatolimbata (Giimbel). 11, Sample 18; 12, Sample 17. 
13—15—Sigmomorphina jacksonensis (Cushman). Sample 13. 
16, 17—Nonion planatum Cushman and Thomas. Sample 19. 
18, 19—Eponides mexicanus (Cushman). Sample 19. 
20, 21—Stiphonina claibornensis Cushman. Sample 23. 
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(9) Deposition took place on the conti- 
nental shelf, in the littoral (Zone I), inner 
and middle neritic zones (Zones ITI, III, and 


“ Rate of deposition was slow enough 
jot to inhibit growth of oysters in Zone I, 
or to inhibit the formation of glauconite 
throughout the section. 
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All magnifications X60 except where otherwise noted. 
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INDEX, TYPE SPECIES, AND BIBLIOGRAPHY 
OF PRODUCTID GENERA 


DONALD L. BRYANT 
University of Arizona, Tuscon, Arizona 


ABSTRACT—An index of generic names that have been applied to productid brachi- 
opods is compiled, but no attempt is made to evaluate the synonymy. Under the 
generic names are listed the specific names that were originally designated as type 
species or that will have to be considered before a type species is validly designated. 
The bibliography includes nearly all of the publications in which generic names were 
proposed and in which the species listed were first named and described. 


INTRODUCTION 


UMEROUS new genera and subgenera of 
N productids have been erected in the 
past twenty-five years. As no recent compi- 
lation of all the generic and subgeneric names 
has been published, the present paper at- 
temps to bring together a comprehensive 
jst with an indication of the type species 
of each group. 

The principal sources for the new names 
on the list have been the Zoological Record, 
Schuchert and LeVene (1929), Dunbar and 
Condra (1932) and Branson (1948). It 
is believed that these sources cover most of 
the genera that have been proposed. Rus- 
ian paleontologists have been very active 
in their studies of productids and have pub- 
lished many papers in the last ten years. 
Unfortunately, a number of these papers 
are written wholly in Russian and as some 
are incompletely known or inaccessible out- 
side of the U.S.S.R., it is probable that new 
names therein proposed may have been 
overlooked. 

In 1948 the International Commission on 
loological Nomenclature ruled that the 
names published by William Martin (1793, 
1809) were not binominal and hence invalid. 
Muir-Wood (1951a) has studied the prob- 
lem raised by this decision and has made 
proposals to the Commission (Muir-Wood, 
in Muir-Wood and Stubblefield, 1951a and 
1951b) which will allow the solution of this 
problem with a minimum of confusion. If 
her proposals are accepted two of Martin’s 
specific names will be validated and several 
of the specific names for type species of well- 
known productid genera that have been 


credited to Martin will have to be considered 
as of later authors; these are so indicated 
in the present list. Hill (1950) likewise has 
attempted to clarify and stabilize the 
nomenclature for Australian and New Zea- 
land species through proposals to the Com- 
mission. Some workers may wish to anno- 
tate with these changes their own copies of 
such standard references as Thomas (1914), 
Chao (1927, 1928), Muir-Wood (1928, 
1930), Schuchert and LeVene (1929), King 
(1930), Dunbar and Condra (1932), Neave 
(1939-40, 1945) and Branson (1948). Some 
errata that were noted in a few papers are 
here corrected. 

No distinction has been made herein be- 
tween genera and subgenera because there 
is no general agreement on the relative 
rank of the various entities in the hierarchy. 
For the sake of simplicity, the terms genera 
and genus are used throughout. 


FORMAT OF THE LIST OF GENERA 


The name of each genus is printed in 
CAPITAL LETTERS, followed by the 
author, date proposed, and page number 
of the publication in which it is erected. 
Generic names which are considered to be 
homonyms or objective synonyms, or which 
were improperly proposed according to the 
Rules of Zoological Nomenclature are 
printed, in JTALIC CAPITALS. No at- 
tempt, however, has been made to evaluate 
other names in the list which may be sub- 
jective synonyms. If these names were 
properly proposed according to the Rules, 
they are listed as valid names. 

For those genera in which the type species 
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is clearly and unequivocally designated 
the specific name, preceded by an asterisk 
(*), is printed in italics immediately below 
the generic name, followed by the author’s 
name and date of the publication in which 
it is described, with pages, plates, and 
figures noted. 

For those genera in which the type species 
was not clearly designated by the author 
of the generic name, either no specific name 
is listed or the reason for the uncertainty 
is noted. H. M. Muir-Wood and G. A. 
Cooper are preparing a revision of the 
Productacea for the Treatise of Invertebrate 
Paleontology and they will undoubtedly 
establish valid types for the genera which 
warrant consideration. 


BIBLIOGRAPHY 


The accompanying annotated bibliogra- 
phy includes most of the works in which a 
genus is erected or a type species of a genus 
(or a species which has been considered as a 
possible type) is described. Below each entry 
in the bibliography are listed the generic 
or specific names proposed. 

The transliteration of Russian names has 
usually followed either a German or, less 
commonly, an English pattern. This has 
resulted in the same name appearing in 
several variations, but what is even worse, 
it has resulted in numerous possible homo- 
nyms for genera and species which are based 
on the same patronymic but with a slightly 
different transliteration. A proposal for the 
possible solution of this problem has been 
submitted to the International Commission 
on Zoological Nomenclature (Muir-Wood, 
1951b). 

In this bibliography the names of Russian 
authors are spelled according to the stand- 
ard for the transliteration of the Russian 
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alphabet practiced by the Library of Cop, 
gress. This will cause many familiar Russian 
names to appear strange, but it is felt to be 
desirable in the interest of uniformity, The 
more familiar spellings are listed with a 
reference to the accepted transliteration 
The names of German authors who have 
published in Russian are listed under thei; 
customary German spelling, but the Russian 
transliterations are also noted. 

Many of the Russian publications haye 





titles, author names, headings of article | 
summaries and explanations of plates jy | 


another language (usually English, German, 
or French). For such publications, both the 
direct transliterations and the authors 
translation of the title are given as well as 
both direct transliteration and translation 


of the name of the publication. For publica. | 
tions entirely in Russian a synoptic title js 


included. 
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ANNOTATED LIST OF GENERA AND TYPE SPECIES 


ALEXENIA Ivanov, 1935 
Zoological Record (1949, vol. 86, part 7, p. 
21) states, ‘‘Alexenia gen. n. p. 116, type-spe- 
cies reticulata sp. n. p. 89, 90, 117.” 
ANIDANTHUS Whitehouse, 1928 (p. 282) 
The case of the validity of this genus has 
been submitted to the International Commis- 
sion on Zoological Nomenclature (Hill, 1950, 


p. 10). Whitehouse designated as type species 
Productus sp. indet. Jack and Etheridge, 189 
(pl. 12, fig. 16 [error for fig. 17]; pl. 44, fig. 13). 
This species was later named by Booker (1°72, 
p. 67) Linoproductus springsurensis. Hill (1950, 
p. 10) republished the name and if Amidanthus 
Whitehouse is ruled invalid, the genus will be 
come 
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f . THUS Hill, 1950 (p. 10) with the type 
fs NIDA Linoproductus springsurensis Booker, 
toh | 1932 (p-.67, pl. 3, figs. 1, 2). 

¥ be \NTIQUATONIA Miloradovitch, 1945 (pp. 
y» The |“ 4gi, 496) 

vith 4 sProdects antiquatus J. Sowerby, 1822 (vol. 


nats _15, pl. 317, figs. 1, 5, 6). 
abn, 4 con (1948, p. 291) stated, “Antiqua- 
have peit.-- (established with Horridonia as sub- 





* their nus, an illegal procedure).” Although cer- 
ussian | ginly undesirable, the Rules do not expressly 
| forbid subgeneric designations in this manner. 
have | ARGENTIPRODUCTUS Cooper and Muir- 
nave | “Wood, 1951 (p. 195) 
ticles, |  spraducta margaritacea Phillips, 1836 (p. 216, 
es in | pl. 8, fig. 8). 
rman, | Nom. nov. for Thomasella Paul, 1942 (non 
h Thomasella Frederiks, 1928, Brachiopoda). 
h the \ULOSTEGES Helmersen, 1847 (p. 330) 
thors |“ Helmersen designated Audlosteges variabilis 
ell as Helmersen, 1847 (p. 330, text fig.) as type but 
most specialists are agreed that A. variabilis is 
| nonym of Orthis wangenheimi Verneuil, 
blica- | #,SyROMY 
Shaye 1845 (p. 194, pl. 11, fig. 5). 
tleis | ~ Dynbar and Condra (1932, p. 188) errone- 
| ously cited the date of Aulosteges as 1887. 
| Hill (1950, p. 4) erroneously spelled the au- 
thor’s name as Helmerson. 
\VONIA Thomas, 1914 (p. 259) 
short |“ *Productus youngianus Davidson, 1860 (p. 180, 
ninar |. 2, fig. 26; pl. 5, fig. 7). 
con- LOTINA Reed, 1944 
Zoological Record (1948, vol. 85, part 7, p. 


Mul. 21) states, ““Bilotina subgen. n. of Strophalosia, 
rters subtecta sp. n. p. 109, pl. viii, figs. 1-8.” 
tan. | BISPINOPRODUCTUS Stainbrook, 1947 (p. 
vient 311) 


d *Bispinoproductus varispinosus Stainbrook, 
” 1947 (p. 311, pl. 46, figs. 30-33). 

_ | BRANXTONIA Booker, 1929 (p. 31) 
sist- |  *Branxtonia typica Booker, 1929 (p. 31, pl. 3, 
»H, | __ figs. 1-3). 
ural | BUXTONIA Thomas, 1914 (p. 259) 





“i *Productus scabriculus J. Sowerby, 1814 (vol. 
sity | 1, p. 157, pl. 69, fig. 1). 
ized | Not Anomites scabriculus Martin, 1809, 


red which has been declared invalid (Muir-Wood 
ural in Muir-Wood and Stubblefield, 1951b, p. 22). 
relo | C(ANCRINELLA Frederiks, 1928 (pp. 784, 791) 
elp Frederiks designated Productus cancrini 
and | Verneuil as type, but Hill (1950, p. 12) called 
attention to the fact that the name Productus 
cancrint was first published by Koninck (1843, 
p. 179, pl. 9, figs. 3a—b), who made a courtesy 
reference toa manuscript name of Verneuil. She 
suggested that under the Rules the type spe- 
cies should be Productus cancrini Koninck. 
This, however, is not the species that Frederiks 
, designated as the type of Cancrinella. 
rood Verneuil, when he described Productus can- 
a crini (1845, p. 273, pl. 16, figs. 8a—c; pl. 18, fig. 
-4 7), stated that the form which Koninck had 
50 talled Productus cancrini was being renamed 
i Productus koninckianus. 
be Koninck himself (1847, p. 206) placed both 
Productus cancrini Koninck and Productus 
koninckianus Verneuil in the synonymy of Pro- 
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‘sia spinulosus J. Sowerby, 1812 [error for 
1814]. 


Davidson (1861, vol. 2, part 5, p. 230) put 
Productus cancrini Koninck, 1843 in the syn- 
onymy of Productus koninckianus Verneuil, 


1845. 
CHAOELLA Likharev, 1931 (p. 161) 
*Chaoella caucasia Likharev, 1931 (p. 161, text 

figs. 1-5). 

CHAOIELLA Frederiks, 1933 

Zoological Record (1934, vol. 71, part 7, p. 
16) states, ‘‘Chaoiella gen. n. type Productus 
gruenwaldti Krotov.” 

CORA Frederiks, 1928 (pp. 781, 790) 

Cora Frederiks, 1928 is a homonym of Cora 
Selys, 1853, Insecta. 

Frederiks designated Productus cora Orbig- 
ny, 1842 (p. 55, pl. 5, figs. 8-10) as type but 
Chao (1927, pp. 23, 25) had designated Pro- 
ductus cora Orbigny the type species of Linopro- 
ductus Chao, 1927; thus, Cora Frederiks, 1928 
po objective synonym of Linoproductus Chao 

DEVONOPRODUCTUS Stainbrook, 1943, (p. 

55 


*Productella walcotti Fenton and Fenton, 1924 
(p. 119) nom. nov. for Productus dissimilis 
Hall, 1858 (p. 497, pl. 3, figs. 7a-e) (non 
Productus dissimilis Koninck, 1847). 

DIAPHRAGMUS Girty, 1910 (p. 217) 

Girty (1910, p. 217) stated, “... for Pro- 
ductus elegans Norwood and Pratten for which 
Worthen later substituted cestriensis.”” But on 
p. 218, he stated, ‘“Type,—Diaphragmus ele- 
gans.”’ Productus elegans Norwood and Prat- 
ten, 1855 (p. 13, pl. 1, figs. 7a—c) is a homonym 
of Productus elegans M'Coy, 1855. Therefore 
Worthen (1860, p. 640) substituted the name 
Productus cestriensis. 

DICTYOCLOSTUS Muir-Wood, 1930 (pp. 101, 

103) 

*Anomites semireticulatus Martin, 1809 (pars. 
p. 7, pl. 32, figs. 1, 2; pl. 33, fig. 4). 

Above species subject to validation by the 
International Commission on Zoological Nom- 
enclature (Muir-Wood in Muir-Wood and 
Stubblefield, 1951a, p. 10). 

ECHINOCONCHUS Weller, 1914, (p. 138). 

Weller did not clearly designate a type spe- 
cies. He wrote (p. 138), ‘‘This genus is pro- 
posed to include those shells which have here- 
tofore been placed in the genus Productus in 
the group typified by P. punctatus.” 

Chao (1927, p. 63 and 1928, p. 54) redefined 
the genus and designated Productus punctatus 
Martin as type species; but Anomites puncta- 
tus Martin, 1809 has been declared invalid by 
the International Commission on Zoological 
Nomenclature (Muir-Wood in Muir-Wood and 
Stubblefield, 1951b, p. 22) and this species will 
become Productus punctatus J. Sowerby, 1822 
(vol. 4, p. 22, pl. 323). 

EOMARGINIFERA Muir-Wood, 1930 (pp. 101, 

103) 

*Productus longispinus J. Sowerby, 1814 (vol. 
1, p. 154, pl. 68, fig. 1). 

ETHERIDGINA Oehlert, 1887 (p. 1278) 
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(Date is not 1877 as erroneously printed in the 
original). 

Oehlert (1887, p. 1278) designated Productus 
complectens Etheridge, 1876 (p. 462, pls. 24, 
25) as type but Etheridge only tentatively 
erected the species. He described and illus- 
trated several specimens, but only suggested 
the name Productus complectens for the form if 
it should become desirable to establish it as a 
new species. 

EUPRODUCTUS Whitehouse, 1928 (p. 282) 

Euproductus Whitehouse is a junior objec- 
tive synonym of Linoproductus Chao, 1927. 

GIGA NTELLA Sarycheva, 1928 (p. 13) 

Gigantella Sarycheva is a homonym of 
Gigantella Eckman, 1905, Crustacea; has been 
renamed Gigantoproductus Prentice, 1951. 


GIGANTOPRODUCTUS Prentice, 1951 (p. 
436) 
*Productus giganteus J. Sowerby, 1822 (vol. 4, 
p. 19, pl. 320) 


Not Anomites giganteus Martin, 1809, which 
has been declared invalid by the International 
Commission on Zoological Nomenclature 
(Muir-Wood in Muir-Wood and Stubblefield, 
1951b, p. 20). 

HA MLINGELLA Reed, 1943 (p. 78) 

Reed (p. 78) first designated Productella 
goergest Paeckelman, 1931 var. nov. capillaris 
Reed, 1943 as the type species, but later on the 
same page he stated “... with P. goergesi 
Paeck. as type.’”’ Paeckelmann described 
Productus goergesi in 1931 (p. 56, pl. 2, figs. 1, 
2 


HAYDENELLA Reed, 1944 

Zoological Record (1948, vol. 85, part 6, p. 
18) states, ‘‘Haydenella subgen. n. of Productus 
p. 78, type Productus kiangsiensis Kayser, var. 
tumida, p. 79, pl. xix, fig. 2.” 

HETEROLOSIA King, 1938 (p. 278) 
*Heterolosia slocumi King, 1938 (p. 278, pl. 39, 
figs. 15-18). 

HORRIDONIA Chao, 1927 (p. 23) 

Chao (1927, p. 24) stated, ‘“‘Type, Productus 
horridus Sowerby and Productus timanicus 
Stuckenberg.’’ Most specialists are agreed that 
Productus horridus J. Sowerby, 1822 (vol. 4, p. 
17, pl. 319, fig. 1) should be considered the 


type. 
INSTITELLA Cooper, 1942 (p. 230) 
*Productus leonardensis R. E. King, 1930 (p. 
70, pl. 14, figs. 4-9). 
IRBOSKITES Bekker, 1924 (p. 48) 
*Irboskites fixatus Bekker, 1924 (p. 49, pl. 4, 
figs. 1-6, 12, 13; text fig. 15). 
IUREZANIA Frederiks, 1928 (pp. 786, 792) 
*Productus juresanensis Chernyshev, 1902 (pp. 
276, 620; pl. 29, figs. 1, 2; pl. 47, figs. 1, 2; 
1. 53, fig. 4). 
rederiks spelled this as above in both the 
Russian and English parts of his paper and the 
change to Jurezania or Juresania by later au- 
thors is an improper emendation. 
JURESANIA or JUREZANIA: see IURE- 
ZANIA 
KANSUELLA Chao, 1928 (p. 67) 
*Striatifera kansuensis Chao, 1927 (p. 108, pl. 
9, figs. 1-3; pl. 10, figs. 1, 2; pl. 11, fig. 1). 
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KOZLOWSKIA Frederiks, 1933 
Zoological Record (1934, vol. 74, 


17) states, “‘Kozlowskia subgen. n. of Prodce 


type Productus capacei d’Orb.” 
Branson (1948, p. 378) spells the SPeCies nang 


P. capaci and indicates that d’Orbigny orig: 
nally spelled it P. capacii. oY 
KROTOVIA Frederiks, 1928 (pp. 779, 799) 
*Productus spinulosus J. Sowerby, 1814 
1, p. 155, pl. 68, fig. 3). 
KUTORGINELLA Ivanov, 1935 
Ivanova (1951, p. 329) indicated that the | 
type is Kutorginella mosquensis which she pro- 
poses as a new name for Proboscidella? genyin, 
Kutorga. Kutorga defined the species Prody 
tus genuinus in 1844 (p. 93, pl. 10, fig. 1), | 
LABRIPRODUCTUS Cooper and Muir-Wog. | 
1951 (p. 195) 
*Productus wortheni Hall, 1858 (p. 635, pl. 19 
figs. la—b). 
Nom. nov. for Worthenella Girty, 1938 (no, 
Worthenella Walcott, 1911, Vermes). 


(vol. 





LEIOPRODUCTUS Stainbrook, 1947 (p, 397 


*Productella coloradensis var. plicatus 
Kindle, 1909 (p. 18, pl. 4, figs. 9-12) 


LEPTALOSIA Dunbar and Condra, 1932 (, | 


260) 
*Strophalosia scintilla Beecher, 1890 (p. 243 
pl. 9, figs. 10-13) 
LEVIPUSTULA Maxwell, 1951 (p. 10) 
*Levipustula levis Maxwell, 1951 (p. 11, pl. 2 
figs. 4-13) 
LINOPRODUCTUS Chao, 1927 (pp. 25, 128) 
*Productus cora Orbigny, 1842 (p. 55, pl. 5, figs. 
8-10). 
MARGINICINCTUS Sutton, 1938 (p. 561) 
*Productus marginicinctus Prout, 1857 (p. 43, 
pl. 2, figs. 1-16). 
MARGINIFERA Waagen, 1884 (pp. 614, 713) 
* Marginifera typica Waagen, 1884 (p. 717, pl. 
67, figs. 4-7; pl. 68, fig. 1; text fig. 23), 
MARGINIRUGUS Sutton, 1938 (p. 559) 
*Productus magnus Meek and Worthen, 1861 
(p. 142). 
MESOPLICA Reed, 1943 (p. 97) 
*Leptaena praelonga J. deC. Sowerby, 184 
(expl. pl. 53, fig. 29). 
MUIRWOODIA Likharev, 1947 (p. 187) 
*Productus mammatus Keyserling, 1846 (p. 
206, pl. 4, fig. 5). 
See also Yakovlevia 
NEOPROBOSCIDELLA Ivanova, 1949 
Zoological Record (1949, vol. 86, part 7, p. 
22) states, “‘ Neoproboscidella (?gen. nov.) figd. 
pl. 3, volgensis Stuckenberg mentioned in text. 
ORTHOTHRIX Geinitz, 1847 (p. 84) 
*Orthis excavata Geinitz, 1842 (p. 576, pl. 10). 
Geinitz himself (1857, p. 209) included 
Orthothrix in the synonymy of Strophalosia. 
OVERTONIA Thomas, 1914 (p. 259) 
*Producta fimbriata J. deC. Sowerby, 1824 
(vol. 5, p. 85, pl. 459, fig. 1). 
PARAMARGINIFERA Frederiks, 1916 (pp. 41, 
64) 
*Marginifera clarkei Chernyshev, 1902 (pp. 
328, 651; pl. 47, figs. 6, 7; pl. 58, figs. 1-3). 
PECTENOPRODUCTUS Likharev, 1930 (p: 
439) 
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+Pectenoproductus propius Likharev, 1930 (p. 
439, text figs. 4-6). ' 
pLANOPRODUCTUS Stainbrook, 1947 (p. 310) 
*Productella hillsboroensis Kindle, 1909 (p. 19, 
a 5, fi . 6). 
ICATIFERA Chao, 1927 (p. 25) 
*Producta plicatilis J. deC. Sowerby, 1824 (vol. 
5, p. 85, pl. 459, fig. 2). 
ROBOSCIDELLA Oehlert, 1887 (p. 1277) 
Oehlert’s original designation of type species 
was “P. proboscidea, de Verneuil (PI. XV, fig. 
28).” This plate and figure were not located but 
Verneuil (1840, p. 259, pl. 3, figs. 3a—d) defined 
Productus proboscideus. 
Dunbar and Condra (1932, p. 188) errone- 
ously spelled the species name P. proboscidalis. 
PRODUCTELLA Hall, 1867 (p. 153) 
*Productus subaculeatus Murchison, 1840 (p. 
255, pl. 2, figs. 9a-c). 
PRODUCTELLANA Stainbrook, 1950 (p. 373) 
*Productellana bifarina Stainbrook, 1950 (p. 
374, pl. 54, figs. 37-39). 
PRODUCTELLINA Reed, 1943 (p. 99) 
*Productellina fremingtonensis Reed, 1943 (p. 


99). 
RODUCTINA Sutton, 1938 (p. 551) 
*Productus sampsoni Weller, 1909 (p. 300, pl. 
12, figs. 18-22). 
PRODUCTUS Sowerby, 1814 (p. 153) 
Muir-Wood (1930, p. 100) considered that 
Sowerby made Anomites productus Martin, 
1809 (=Productus martini Sowerby, 1814) the 
type of the genus by original designation, but 
later (Muir-Wood in Muir-Wood and Stubble- 
field, 1951a, p. 10) stated that Thomas (1914, 
pp. 237, 259) subsequently designated A nomites 
productus Martin, 1809, the type species. This 
species is subject to validation by the Inter- 
national Commission on Zoological Nomen- 
clature (Muir-Wood in Muir-Wood and Stub- 
blefield, 1951a, p. 10). 
PROTONIELLA Bell, 1929 (p. 110) 
*Protonieila beedei Bell, 1929 (p. 110, pl. 15, 
figs. 10-14). 
PSEUDOMARGINIFERA Stepanov, 1934 (p. 
56) 


*Productus ussuricus Frederiks, 1924 (p. 8, pl. 
1, figs. 1-5). 
Stepanov listed as “‘nom. nov.” but it is obvi- 
ously gen. nov. 
PUGILIS Sarycheva, 1948 
Zoological Record (1949, vol. 86, part 7, p. 
22) states, ““Pugilis gen. n. type Productus 
pugilis Phillips, p. 104.” 
PUSTULA Thomas, 1914 (p. 259) 
— pustulosa Phillips, 1836 (p. 216, pl. 
, fig. 15). 
RUTHENIA Frederiks, 1928 (pp. 779, 789) 
*Productus irginae Stuckenberg, 1898 (pp. 220, 
340; pl. 2, figs. 16a-f). 
SEPTOPRODUCTUS Frech, 1911 (p. 132) 
oe Waagen, 1884 (p. 697, pl. 74, 
gs. 1-6). 
SETIGERELLA Girty, 1938 (p. 434) 
Homonym of Setigerella Ehrenberg, 1872, 
Protozoa. Replaced by Setigerites Girty, 1939. 
SETIGERITES Girty, 1939 (p. 141) 
*Productus setiger Hall 1858 (p. 63, pl. 18, fig. 3) 


Nom. nov. for Setigerella Girty, 1938 (non 
Setigerella Ehrenberg, 1872). 

SINUATELLA Muir-Wood, 1928 (p. 37) 
*Leptaena sinuata Koninck, 1851 (p. 654, pl. 

41, figs. 2a-e). 

SOWERBINA Frederiks, 1928 (pp. 778, 789) 
*Productus timanicus Stuckenberg, 1875 (p. 86, 

pl. 1, figs. 1-7). 

SPINOMARGINIFERA Huang, 1932 (pp. 16, 

19) 

*Spinomarginifera kueichowensis Huang, 1932 

(pp. 16, 19, 56; pl. 5, figs. 1-11; text fig. 4a). 

SPINULICOSTA Nalivkin, 1937 (p. 49) 

Nalivkin (1937, pp. 49 and 137) stated, 
“Genotype: Productella spinulicostus Hall.” 
But Hall spelled the specific name Productella 
spinulicosta (1867, p. 160, pl. 33, figs. 25-34) 
and this was only a new name for Productus 
spinulicostae Hall, 1857 (p. 73). 

STRIATIFERA Chao, 1927 (pp. 24, 94) 

When Chao proposed the genus Striatifera 
in 1927, on p. 24 he stated, “Genotype, Pro- 
ductus striatus Fischer” and on p. 94, ‘“‘Genotype, 
Anomites striatus Fischer.”” As far as can be 
determined, the only manner in which Fischer 
used the trivial name striatus was in the com- 
bination Mytilus striatus, a junior homonym 
of Mytilus striatus Montagu, 1803. The combi- 
nation Anomites striatus was not used by 
Fischer but A nomites striatus Martin, 1809 is the 
type of the Genus Spirifer. 

—— King, 1844 (p. 313) or 1846 

(p. 26 

The following species will have to be consid- 
ered before a valid type for Strophalosia can be 
designated: Orthis excavata Geinitz, 1842 (p. 
578, pl. 10, figs. 12, 13), Strophalosia spinifera 
King, 1846 (pp. 29, 42) and Strophalosia 
?spinulosa King, 1846 (p. 28). 

STROPHALOSIELLA Likharev, 1935 (p. 371) 
oe coraeformis Likharev, 1935 (p. 
371, fig. 1). 

STROPHALOSIINA Likharev, 1935 (p. 369) 

Likharev (1935, p. 369) appears to have pro- 
posed this generic name for the single species, 
as he cited it, “‘Aulosteges tibeticus Diener.” 
The authorship and affinity of this species is 
confused, and the generic name is probably 
invalid, as Likharev did not definitely state 
that it was new nor did he make a definite 
unambiguous designation of the type species as 
required by Article 25 (3) of the Rules. 

The earliest appearance in the literature of 
the trivial name tzbeticus is by Frech (1894, p. 
454) who described as a new species a form 
which he named ‘“Productus? tibeticus, nov. 
sp.” and illustrated on the same page (fig. 10) 
as “Productus tibeticus Frech.” 

Diener (1895, pp. 589, 591) cited ‘‘A ulosteges 
tibeticus, sp. nov.”’ in two lists, without de- 
scriptions or figures, leaving it a nomen nudum. 
In the same paper (p. 593, footnote) he referred 
to Frech’s Productus tibeticus without any indi- 
cation that he considered it conspecific with 
Aulosteges tibeticus. In 1897 (1897a, p. 35) he 
described and figured Aulosteges tibeticus as a 
new species without any reference to either his 
earlier paper or to Frech’s work. Then in the 
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same year (1897b, p. 33) he tentatively placed 
Productus? tibeticus Frech, 1894 in the syn- 
onymy of Productus cancriniformis Tscheryn- 
schew, 1889. 

There are discrepancies in the citation of the 
type species of Strophalosiina in modern 
works. Branson (1948, p. 451), under ‘‘Stro- 
phalostina Licharew, 1935”’ listed as one of the 
species ‘‘Stophalosiina tibetica (Diener) 1894 
=Productus? tibeticus Diener, 1894, p. 454, 
text fig. 10." This, however, is not Diener’s 
species, but Frech’s. 

Hill (1950, p. 5) under Strophalosiina stated, 
“Subgenotype, Aulosteges tibeticus Diener 
(1897, p. 35, pl. V, figs. 3-6).” 


STROPHOPRODUCTUS Nalivkin, 1937 (pp. 


T 


T 


46, 53, 131, 138) 

Nalivkin did not define Strobhoproductus, 
citing only a single species in the following 
manner: 

p. 46—Strophoproductus Nalivkin Productus 
hystriculus Hall” 

p. 53—‘Productus (Strophoproductus) 
triculus Hall” 

“1867 Productella hystricula Hall. Pal. New 
York, v, IV, p. 175, pl. XXVI, figs. 
1-8.” 

p. 138—English summary as on p. 46. 

p. 131—‘‘Ukazatel’ vidov’”’ (list of species) 

““Productus (Waagenoconcha) hystricu- 

lus Hall” 

Unless an earlier description of this genus or 
subgenus was made, Strophoproductus is a 
nomen nudum. 


hys- 


AENIOTHAERUS Whitehouse, 1928 (p. 282) 


*Productus subquadratus Morris in Strzelecki, 

1845 (p. 284). 

ERRAKEA Booker, 1931 (p. 66) 

Booker’s original designation of the type 
species was ‘‘Terrukea brachythaera G. 
Sowerby, 1844, (sp.).’’ but Hill (1950, pp. 18- 
19) stated that the only syntype of Sowerby’s 
species extant is a Strophalosia and she con- 
siders Productus brachythaerus Morris in 
Strzelecki, 1845 (p. 284, pl. 14, fig. 4c) as the 
type species of Terrakea pending action by the 
International Commission on Zoological No- 
menclature. 


THOMASELLA Frederiks, 1928 (pp. 778, 789) 


*Productus wrighti Davidson, 1861 (p. 162, 
pl. 33, figs. 6, 7). 


THOMASELLA Paul, 1942 (p. 191) 


Nom. nov. for Thomasina Paeckelmann, 
1931 (non Tomasina Hall, 1892, Brachiopoda). 

Paul stated, “...hat Paeckelmann das 
neue Genus Thomasina Paeckelmann aufge- 
stellt. Genotyp ist Producta margaritacea 
Phillips.” 

But Thomasina Paeckelmann, 1931 was 
only a new name for Thomasia Frederiks, 1928, 
ne by Thomasia Poche, 1908, Mam- 
malia. 
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Thomasella Paul, 1942 is a ho 
Thomasella Frederiks, 1928. 
Thomasella Paul, Thomasina Paeckelmay 
and Thomasia Frederiks are all junior bens 
nyms for the same form which has wd 
named Argentiproductus Cooper and Muir 
Wood, 1951. 
THOMASIA Frederiks, 1928 (pp. 783, 799) 
Homonym of Thomasia Poche, 1908, Mam. 
malia. 
Dunbar and Condra (1932, p. 188) errone. 
ously spelled the name Thomasina. 
THOMASINA Paeckelmann, 1931 (p. 181) 


monym of 


Nom. nov. for Thomasia Frederiks, 19 | 


(non Thomasia Poche, 1908, Mammalia) 

Homonym of Tomasina Hall, 1892, Brachj. 
opoda. 

Paeckelmann indicated “nov. gen.” but 
clearly stated in the text that it was nom. noy 
for Thomasia Frederiks, 1928. j 

TOLMATCHOFFIA Frederiks, 1933 (p. 31) 


*Productus robustus Tolmachev, 1924 (p. 230, 


pl. 13, fig. 17; pl. 14, figs. 1-3). 
Plates are in Part 2, published 1931. 


TSCHERNYSCHEWIA Stoyanow, 1910 (, | 


853) 

*Tschernyschewia typica Stoyanow, 1910 (p, 

853, text fig.). 
TSCHERNYSCHEWIELLA Frederiks, 1924 
(p. 20) 

*Productus porrectus Kutorga, 1844 (p. 6, pl. 
10, fig. 3). 

Homonym of Tschernyschewiella Toll, 1899, 
Trilobita (C. O. Dunbar, personal communi- 
cation, 1954). 

URUSHTENIA Likharev, 1935 (p. 370) 

*Productus pseudomedusa Chernyshevy, 1902 (p. 
629, pl. 36, figs. 6a—c; pl. 52, figs. 8, 9). 

WAAGENOCONCHA Chao, 1927 (pp. 24, 85) 

*Productus humboldti Orbigny, 1842 (p. 54, pl. 
5, figs. 4-7). 

WHIDBORNELLA Reed, 1943 (p. 71) 





*Leptaena caperata J. deC. Sowerby, 180 | 


(expl. of pl. 53, fig. 4). 
WORTHENELLA Girty, 1938 (p. 442) 


Homonym of Worthenella Walcott, 191l, | 


Vermes. 
Replaced by Labriproductus Cooper and 
Muir-Wood, 1951. 
WYATKINA Frederiks, 1931 (footnotes pp. 211, 
224). 
*Aulosteges gigas Nechaev, 1894 (p. 155, pl 3, 
figs. 1-3b; pl. 4, figs. 3-5, 12). 
WYNDHAMIA Booker, 1929 (p. 24) ; 
*Wyndhamia dalwoodensis Booker, 1929 (p. 25, 
pl. 1, figs. 1-5; pl. 3, figs. 5, 7). 
YAKOVLEVIA Frederiks, 1925 (p. 7) . 
* Vakovlevia kaluzinensis Frederiks, 1925 (p./, 
pl. 2, figs. 64-66). 
?Homonym of Jakowleffia Puton, 1875, I0- 
secta (Muir-Wood, 1951b, p. 90). 
Substitute Muirwoodia Likharev, 1947 
(Cooper and Muir-Wood, 1951, p. 196). 


| 


| 


| 
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Lo-Ping: in F. von Richthofen, “China,” Bd. 
4 Abt. 1, Abh, 8, pp. 160-208, pls. 19-29. 

Productus kiangstensis (Haydenella). 

KEYSERLING, A. G., 1846, Geognostische Beo- 
bachtungen: in Wissenschaftliche Beobach- 
tungen auf einer Reise in das Petschora-Land, 
St. Petersburg, pp. 151-465, pls. 1-22. 

Productus mammatus (Muirwoodia). 

KinDLE, E. M., 1909, The Devonian fauna of the 
Ouray limestone: U. S. Geol. Surv., Bull. 391, 
pp. 1-60, pls. 1-10. 

Productella hillsboroensis (Planoproductus). 
Productella coloradensis var. plicatus (Leio- 
productus). 

Kinc, R. E., 1930, The geology of the Glass 
Mountains, Texas; Faunal summary and cor- 
relation of the Permian formations with a de- 
scription of the Brachiopoda: Texas Univer- 
sity, Bull. 3042, part 2, p. 1-245, pls. 1-44. 

Productus leonardensis (Institella). 

Kinc, R. H., 1938, New Chonetidae and Pro- 
ductidae from Pennsylvanian and Permian 
strata of north-central Texas: Jour. Paleontol- 
ogy, vol. 12, pp. 257-279, pls. 36-39. 

Heteralosia. 

Kinc, W., 1844, On a new genus of Paleozoic 
shells; Annals and Mag. Nat. Hist., vol. 14, 
pp. 313-317. 

Strophalosia. 

—, 1846, Remarks on certain genera belonging 
to the Class Palliobranchiata: Annals and 
Mag. Nat. Hist., vol. 18, pp. 26-42, 83-94, 
Strophalosia. 

—, 1850, A monograph of the Permian fossils 
of England: Palaeontographical Soc., vol. 3, 
pp. 1-253, pls. 1-28. 

__ Strophalosia. 

Koninck, L. G. pr, 1842-1844, Description des 
Animaux Fossiles qui se trouve dans le Terrain 
Carbonifére de Belgique: Liége, (in 2 parts) 
Text, pp. 1-650; Planches, pls. 1-40. 

Productus cancrini (Cancrinella). 


Productus striatus (Striatifera). 

——, 1847, Monographie du genre Productus: 
Mém. Soc. Roy. Sci., Liége, vol. 4 (1848-1849), 
pp. 71-278, pls. 1-17. 

Productus dissimilis (Devonoproductus). 
Productus koninckianus and Productus can- 
crint (Cancrinella). 

, 1851, Déscription des Animaux Fossiles 
qui se trouve dans le Terrain Carbonifére de 
Belgique; Supplément: Liége. 

Leptaena sinuata (Sinuatella). 

Krortov, P., 1888, Geologicheskifa izsli@dovanifa 
na zapadnom sklonié Solikamskago i Cherdyn- 
skago Urala: Geologicheskii Komitet, Trudy, 

vyp. 6, no. 1, pp. 1-296; no. 2, pp. 297-563, pls. 
2 


’ 


- 





(Geologische Forschungen am _ westlichen 

Ural-Abhange in den Gebieten von Tscher- 

dyn und Ssolikamsk: Mém. du Com. Géol., 

fasc. 6, nos. 1, 2). 

Productus semireticulatus var. griinewaldti 
(Chaoiella). 

KutTorGa, S., 1844, Zweiter Beitrag zur Palion- 
tologie Russlands: Russ.-Kais. Mineral. Ge- 
sellsch., Verhand., pp. 62-104, pls. 1-10. 

(Vserossliskoe Mineralogicheskoe Obsh- 
chestvo, Zapiski). 

Productus porrectus (Tschernyschewiella). 
Productus genuinus (Kutorginella). 

LICHAREV or LICHAREW, see Likharev. 

LIKHAREV, B., 1930, O dvukh novykh pred- 
stavitelfakh semeistva Productidae iz nizh- 
nepermskikh otlozhenil Severnogo Kavkaza: 
Akad. Nauk, SSSR, Doklady, ser. A, vyp. 16, 
pp. 436-440, 6 text figs. 

(On two new representatives of the Family 

Productidae from the Lower Permian of 

North Caucasus: Acad. Sci:, URSS, Compte- 

Rendus, ser. A, fasc. 16). 

Pectenoproductus; P. propius. 

, 1931, Ob odnof problematichesko! brak- 
hiopode iz nizhnepermskikh otlozhenil Sever- 
nogo Kavkaza: Russkoe Paleontologicheskoe 
Obshchestvo, Ezhegodnik, tom 9, pp. 157-161, 
5 text figs. 

(Uber eine problematische Brachiopode aus 
den unterpermischen Ablagerung des Nérd- 
lichen Kaukasus: Soc. Paleont. de Russie, 
Ann., tom. 9). 

Chaoella; C. caucasia. 

——, 1935, Bemerkungen iiber einige ober- 
paldozoische Brachiopoden: Zentralbl. f. Min., 
Geol. u. Paladont., abt. B, pp. 369-373, 2 text 
figs. 

Strophalosiella; S. coraeformis. 

Strophalosiina. Urushtenia. 

, 1947, O novom podrode Muirwoodia roda 
Productus Sow.,s. 1.: Akad. Nauk, SSSR, Dok- 
lady, n.s., vol. 57, no. 2, pp. 187-190. 

(On a new Subgenus Muirwoodia of the Ge- 
nus Productus Sow. sens. lat.: Acad. Sci. 
URSS, Compte-Rendus, n.s., vol. 57, no. 2). 
Muirwoodia, Yakovlevia. 

*MARTIN, W., 1809, Petrificata Derbiensia, or 
Figures and Descriptions of Petrifactions col- 
lected in Derbyshire. 

Anomites productus (Productus). 

Anomites semireticulatus (Dictyoclostus). 
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MAXWELL, W. G. H., 1951, Upper Devonian and 
Middle Carboniferous brachiopods of Queens- 
land: Univ. Queensland Papers, vol. 3, no. 14, 
pp. 1-27, pls. 1-4. 

Levipustula; L. levis. 

M’Coy, F., 1855, British Paleozoic Fossils: in 
A. Sedgwick and F. M’Coy, “‘A Synopsis of the 
Classification of the British Paleozoic Rocks, 
etc.,’” London, Text, pp. 1-166; Plates, 1A—1L, 
2A-2D, 3A-3K. 

Productus elegans (Diaphragmus). 

MEEK, F. B. and WorTHEN, A. H., 1861, De- 
scription of new Paleozoic fossils from Illinois 
and Iowa: Acad. Nat. Sci., Philadelphia, Proc., 
pp. 128-148. 

Productus magnus (Marginirugus). 

MILteR, S. A., 1889, North American Geology 
and Paleontology: Cincinnati, pp. 1-664, text 
figs. 1-1194. 

MivorapovicH, B. V., 1945, Nekotorye dannye 
po morphologii rakovin produktid: Akad. 
Nauk, SSSR, Izvestifa, Serifa Biologicheskafa, 
vol. 4, pp. 485-500, figs. 1-16. 

(Some data on the shells of Productidae: 
Acad. Sci. URSS, Bull., Ser. Biol., vol. 4; 
English summary, p. 498). 

Antiquatonia. 

Morris, J., 1845, Fossil fauna. Mollusca: in 
P. E. de Strzelecki, ‘‘Physical descriptions of 
New South Wales and Van Dieman’s Land,” 
pp. 270-296, pls. 10-19. 

Productus subquadratus (Taeniothaerus). 
Productus brachythaerus (Terrakea). 

Mutr-Woop, H. M., 1928, The British Carbonif- 
erous Producti. 2, Productus (sensu stricto); 
semireticulatus and longispinus groups: Great 
Britain Geol. Surv., Mem., Paleontology, vol. 
3, part 1, pp. 1-217, pls. 1-12. 

Sinuatella. 

, 1930, The classification of the British Car- 
boniferous brachiopod Subfamily Productinae; 
Annals and Mag. Nat. Hist., ser. 10, vol. 5, pp. 
100-108. 

Dictyoclostus. Eomarginifera. 

—-,195ia, The Brachiopoda of Martin’s 
“Petrificata Derbiensia’’: Annals and Mag. 
Nat. Hist., ser. 12, vol. 4, pp. 97-118. 

, 1951b, On the question whether any two 
generic names, each based upon the surname 
of a person whose name is normally written in 
some alphabet other than Latin and each hav- 
ing the same termination, but differing from 
one another in the transliteration of the portion 
representing the person’s name, are to be re- 
garded as homonyms of one another: Internat. 
Comm. Zool. Nomen., Bull. Zool. Nomen., vol. 
6, no. 3, pp. 90-92. 

Mutrr-Woop, H. M., and STUBBLEFIELD, C. J., 
1951a, Proposed use of the Plenary Powers to 
validate the trivial names of two nominal spe- 
cies of the Class Anthozoa and of eight nominal 
species of the Class Brachiopoda, published by 
William Martin in 1809 in the work entitled 
“Petrificata Derbiensia’’ and matters inci- 
dental thereto: Internat. Comm. Zool. Nomen., 
Bull. Zool. Nomen., vol. 6, no. 1, pp. 7-17. 

Anomites productus (Productus). 








Anomites semireticulatus (Dictyoclostys) 

——, and , 1951b, Proposed addition to th 
“Official List of Specific Trivial Names in J 
ology,” of the trivial names of two species a 
the Class Cephalopoda and twelve species of 
the Class Brachiopoda hitherto attributed © 
Martin 1809, and matters incidental thereto. 
Internat. Comm. Zool. Nomen., Bull. Zoo) 
Nomen., vol. 6, no. 1, pp. 18-30. j 

Productus punctatus (Echinoconchus), 

Productus scabriculus (Buxtonia). 

Productus giganteus (Gigantella, Gigantopro. 
ductus). 

Murcuison, R., 1840, Déscription de quelques. 
unes des coquilles fossiles les plus abundantes 
dans les couches dévoniennes du Bas-Boulon. 
nais: Soc. Géol. France, Bull., vol. 9, pp. 250- 
257, pl. 2. 

Productus subaculeatus (Productella). 

NALIVKIN, D. B., 1937, Brakhiopody verkhnego 
i srednego Devona i nizhnego Karbona severo. 
vostochnogo Kazakhstana: Tsentral ny 
Nauchno-issladevatel’skif Geologo-razvedoch- 
- Institut, Trudy, vyp. 99, pp. 1-165, pls, 1- 





(Brachiopoda of the Upper and Middle De- 
vonian and Lower Carboniferous of north- 
eastern Kazakstan: Cent. Geol. and Prosp, 
Inst., Trans., fasc. 99, English summary, pp. 
134-161). 

Strophoproductus. Spinulicosta. 

NEAVE, S. A., 1939-40, 1950, Nomenclator Zo- 
ologicus: vols. 1-4, through 1935; vol. 5 through 
1945, London, Zool. Soc. 

*NECHAEV, A. V., 1894, Fauna _permskikh 
otlozhenii vostochno! polosy Evropeiskoi Ros- 
sit: Obshchestvo Estestvoispytatele!, Kazanskii 
Universitet, Trudy, tom 27, no. 4. 

? Aulosteges gigas (Wyatkina). 

NETSCHAJEw, see Nechaev. 

Norwoop, J. C., and PRATTEN, H., 1854, Notice 
of Producti found in the Western States and 
Territories, with descriptions of twelve new spe- 
cies: Philadelphia Acad. Nat. Sci., Jour., ser. 
2, vol. 3, pp. 5-22, pls. 1, 2. (Dated 1855, re- 
prints in August, 1854). 

Productus elegans (Diaphragmus). 

OEHLERT, D. P., 1887, Brachiopodes: in P. H. 
Fischer, Manuel de Conchyliologie et de 
Paléontologie Conchyliologique, Paris, pp. 
1189-1334. 

Etheridgina. Proboscidella. 

OrpiGny, A. pv’, 1842, Voyage dans l’Amérique 
méridionale: tome 3, ptie. 3, plates. (Text not 
— photographs of plates in Calif. Acad. 

Ci.). 
Productus cora (Cora; Linoproductus ; Eupro- 
ductus). 
Productus humboldti (Waagenoconcha). 

PAECKELMANN, W., 1931, Die Fauna des deutsch- 
en Unterkarbons; 2. Teil, Die Brachiopoden: 
Preuss. Geol. Landanst., Abh., n.s., vol. 136, 
pp. 1-440, pls. 1-41, 14 text figs. 

Productella goergesi (Hamlingella). 
Thomasina. 

Paut, H., 1942, Thomasella n. nom. = Thomasina 

Paeckelmann 1931 (Brachiop., Productidae): 
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BIBLIOGRAPHY OF PRODUCTID GENERA 


Zentralbl. f. Min., Geol. Palaont., Abt. B, no. 


. Thomasella ; 

PHILLIPS, J.» 1836, Illustrations of the geology of 
Yorkshire. Part 2, The Mountain limestone 
district: London, pp. 1-253, pls. 1-25. 

Producta margaritacea (Thomasia; Thoma- 
sina; Thomasella; Argentiproductus). 

Producta pugilis (Pugilis). 

Producta pustulosa (Pustula). 

Prentice, J. E., 1950, The Genus Gigantella 
Sarycheva: Geol. Mag., vol. 87, no. 6, pp. 436- 


8. 
Gigantoproductus. me 

pout, H. A., 1857, Description of a new species 
of Productus from the Carboniferous of St. 
Louis: Acad. Sci. St. Louis, Trans., vol. 1, pp. 

Productus marginicinctus (Marginicinctus). 

Rep, F. R. C., 1943, Notes on certain Devonian 
Rrachiopods figured by Whidborne. Part 1: 
Geol. Mag., London, pp. 69-78; 95-106; 132- 

Hamlingella. Whidbornella. Mesoplica. 
Productellina; P. fremingtonensis. 

+, 1944, Brachiopoda and Mollusca from the 
Productus limestone of the Salt Range: India 
Geol. Surv., Palaeont. Indica, n.s., vol. 23, no. 
2, pp. 1-678, pls. 1-65. 

Haydenella. Bilotina; B. subtecta. 

SaryCHEVA, T. G., 1928, Podmoskovnye Produk- 
tidy gruppy Productus giganteus Mart. (Gi- 
gantella gen. nov.): Geologicheskit Nauchno- 
Issledovatel’skii Institut, Trudy, vyp. 1, pp. 
1-71, pls. 1-5. 

(The Productidae of the group Prod. gi- 
ganteus Mart. from the Visean of Moscow: 
Geol. Sci. Res. Inst., Moscow, Mem., fasc. 
1; English summary, pp. 69-71). 

Gigantella. 

*—. 1948. [Russian title not seen]. 
(Morphology, ecology and evolution of Car- 
boniferous Producti of the Moscow Basin. 
Genera Dictyoclostus, Pugilis and Antiqua- 
tonia: Paleo. Inst., Acad. Sci., Trans., URSS, 
vol. 18). 

Pugilis. 

SCHUCHERT, C. and LEVENE, C. M., 1929, 
Brachiopoda (Generum et Genotypum Index 
et Bibliographia): Fossilium Catalogus; Ani- 
malia, Pars 42, pp. 1-140. 

ScHULTZE, F. E., et al., 1926-1940, Nomenclator 
animalium generum et subgenerum: Preussische 
Akad. der Wissenschaffen, Berlin. 

SHERBORN, C. D., 1902-1933, Index Animalium: 
a ser. 1 (1 vol.); 1801-1850, ser. 2 (9 
vols.). 

SHTUKENBERG, see Stuckenberg. 

“SOWERBY, G. B., 1844, Paleozoic shells from 
Van Diemen’s Land: in C. Darwin, Geological 
observations of the Volcanic Islands, 1st ed., 
appendix, pp. 158-160. 

Productus brachythaerus (Terrakea). 

SowerBy, J. and Sowersy, J. DEC., 1812-1845, 
The Mineral Conchology of Great Britain: 
J. Sowerby: 

1812-1815, vol. 1, pp. 1-234 (plus 2 pp. of in- 
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rs and 8 pp. supplementary index), pls. 1- 

Productus martini = A nomites productus Mar- 

tin (Productus). 

Productus longispinus (Eomarginifera). 

Productus spinulosus (Krotovia). 

Productus scabriculus (Buxtonia). 
1815-1818, vol. 2, pp. 1-251, pls. 103-203. 
1818-1821, vol. 3, pp. 1-194, pls. 204-306. 
1821-1822, vol. 4, pp. 1-160, pls. 307-383. 

Productus antiquatus (A ntiquatonia). 

Productus horridus (Horridonia). 

Productus giganteus (Gigantella, Gigantopro- 

ductus). 

Productus punctatus (Echinoconchus). 


J. deC. Sowerby: 


1823, vol. 4 (cont.), pls. 384-407. 

1823-1825, vol. 5, pp. 1-168, pls. 408-503. 
Producta fimbriata (Overtonia). 
Producta plicatilis (Plicatifera). 

1826-1829, vol. 6, pp. 1-250, pls. 504-609 (in- 
dex to date, pp. 241-250). 

1840-1845, vol. 7, pp. 1-80, pls. 610-648. 


Sow_ErBy, J. DEC., 1840: in Trans. Geol. Soc. 


London, ser. 2, vol. 5, explanation of pl. 53, 
figs. 4, 29. 

Leptaena caperata (Whidbornella). 

Leptaena praelonga (Mesoplica). 


STAINBROOK, M. A., 1943, Strophomenacea of the 


Cedar Valley limestone of Iowa: Jour. Paleon- 
tology, vol. 17, pp. 39-59, pls. 6, 7. 
Devonoproductus. 


——, 1947, Brachiopoda of the Percha shale of 


New Mexico and Arizona: Jour. Paleontology, 

vol. 21, pp. 297-328, pls. 44-47. 
Leioproductus. Planoproductus. 
Bispinoproductus ; B. varispinosus. 


——., 1950, Brachiopoda and stratigraphy of the 


Applington formation of northern Iowa: Jour. 
Paleontology, vol. 24, pp. 365-385, pls. 53, 54. 
Productellana; P. bifarina. 


STEPANOV, D. L., 1934, Brakhiopody mshan- 


kovyhk izvestnfakov Kolvinskogo rafona. 
(Severnyi Ural); Chast’ 1, Strophomenacea: 
Neftianof Geologo-razvedochny! _ Institut, 
Trudy, Leningrad, serifa A, vypusk 37, pp. 1- 
63, pls. 1-4. 
(The Brachiopoda of the Bryozoa limestone 
of the Kolwa River region (Northern Ural); 
part 1, Strophomenacea: Oil-Geol. Institute, 
Trans., ser. A, fasc. 37). 
Pseudomargintfera. 


STOIANOVv, see Stoyanow. 
StToyaNnow, A., 1910, O novem rode Brachiopoda: 


Imperatorskafa Akad. Nauk, Izviestfa, vol. 6, 
no. 4, pp. 853-855, 1 text fig. 
(Sur une nouveau genre des Brachiopodes: 
Acad. Imp. de Sci., St. Petersbourg, Bull., 
vol. 6, no. 4). 
Tschernyschewia; T. typica. 


STUCKENBERG, A., 1875, Otchet’ geologicheskago 


puteshestvifa b’ Pechorskil krai 1 Timanskui 
Tundry: Materialy dlfa Geologif Rosil, 
Vserossiskoe Mineralogicheskoe Obshchestvo, 
tom 6, pp. 1-126, pls. 1-5, 2 maps, 17 text figs. 
[Report on a geological journey into the 
am sete region and Timan Tundra]: (Ma- 
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terialen zur Geologie Russlands, vol. 6). 

Productus timanicus (Sowerbina). 

, 1898, Obshchafa geologicheskafa Karta 
Rossil, List. 127-i: Geologicheskif Komitet, 
Trudy, tom 16, no. 1, pp. 1-362, pls. 1-5. 

(Allgemeine geologische Karte von Russ- 
lands, Blatt 127: Com. Géol., Mém., tom 16, 
no. 1). 

Productus irginae (Ruthenia). 

Sutton, A. H., 1938, Taxonomy of Mississippian 
Productidae: Jour. Paleontology, vol. 12, pp. 
537-569, pls. 62-66. 

Productina. Productellina. 
Marginicinctus. Marginirugus. 

Tuomas, I., 1914, The British Carboniferous 
Producti. 1. Genera Pustula and Overtonia: 
Great Britain, Geol. Surv., Mem., Palaeon- 
tology, vol. 1, part 4, pp. 197-366, pls. 17-20. 

Pustula. Overtonia. Avonia. Buxtonia. 

TOLMACHEYV, I. P., 1924 and 1931, Nizhnekamen- 
nougol’nafa fauna Kuznetskogo uglenosnogo 
basseIna: Chast pervafa; Geologicheskil Komi- 
tet, Materialy po obschche! i prikladno! geolo- 
gii, vyp. 25 (1924), pp. 1-320, 12 pls., 1 map; 
Chast vtorafa; SSSR., Glavnoe Eoemaan 
= Upravlenie (1931), pp. 321-663, 11 
pls. 

(Tolmatchoff, I. P., Faune du calcaire car- 
bonifére du bassin houiller de Kousnetzk: 
Part 1, Com. Géol., Mat. Géol. Gen. et App., 
Livr. 25 (1924), has pls. 1-5, 9-11, 18-20; 
Part 2 (1931), Trans. Geol. and Prosp. Ser., 
USSR, has pls. 6, 7, 12-17, 21-23). 
Productus robustus (Tolmatchoffia.) 

TOLMATCHOFF, see Tolmachev. 

TSCHERNYSCHEW, see Chernyshev. 

VERNEUIL, P. E. P. bE, 1840, Sur quelques es- 
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péces intéressantes de Brachiopodes 

rains anciens: Soc. Géol. Piance all. wn 2 

pp. 257-265, pl. 3. at 
Productus proboscideus (Proboscidella), 

——, 1845: in R. Murchison, E. de Verney] and 
A. de Keyserling, ‘‘Géologie de la Russie de 
l'Europe et des Montagnes de I’Oural,” yo} 7 
part 3, pp. 1-512, pls. 1-43. > 

Orthis wangenheimi (A ulosteges). 
Productus cancrini (Cancrinella). 

WAAGEN, W., 1884, Salt Range Fossils, 1, Pro- 
ductus-limestone fossils; Brachiopoda: India 
Geol. Surv., Palaeont. Indica, ser. 13, vol, 1 
part 4, fasc. 3, pp. 545-770, pls. 50-86. 

Marginifera; M. typica. 
Productus abichi (Septoproductus). 

WELLER, S., 1909, Kinderhook faunal studies: § 
the fauna of the Fern Glen formation: Geol 
Soc. Amer., Bull., vol. 20, pp. 265-332, pls. 10- 
15. 

Productus sampsoni (Productina). 

——,, 1914, The Mississippian Brachiopoda of the 
Mississippi Valley Basin: Illinois State Geol. 
Surv., Mon. 1, pp. 1-508, pls. 1-83. 

Echinoconchus. ; 

WHITEHOUSE, F. W., 1928, Notes on the Upper 
Paleozoic marine horizons in eastern and west- 
ern Australia: Australian Assoc. Adv. Sci, 
Rept., vol. 18, pp. 281-283. 

Taeniothaerus. Euproductus. Anidanthus. 

WorTHEN, A. H., 1860, Notice of a new species of 
Platycrinus and other fossils from the Moun- 
tain limestone of Illinois and Iowa: Acad. Sci. 
St. Louis, Trans., vol. 1, pp. 669-671. 

Productus cestriensis for P. elegans (Dia- 
phragmus). 
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A NEW PHYLLOCARID AND EURYPTERID FROM THE 
SILURIAN OF FLORIDA 


ERIK N. KJELLESVIG-WAERING 
Helmerich & Payne, Inc., Tulsa, Oklahoma 


ABSTRACT—Two specimens are described as Ceratiocaris berdanae, n. sp., and 
Pterygotus (Acutiramus) suwanneensis, n. sp. Both came from a core at 3450-3470 
feet depth in Columbia County, northern Florida. 


HE buried Paleozoics of northern Florida 

have attracted much interest in recent 
years. They constitute a considerable strati- 
graphic section that is relatively unknown 
and in which definite correlations with other 
areas are difficult. Bridge and Berdan (1950) 
and Applin (1951) have amply assembled 
our present knowledge of this section. The 
former (1950, p. 1) estimates the Paleozoic 
section as probably 6,000 feet or more thick 
and ranging in age from at least early 
Ordovician (late Beekmantown) to Lower 
or possibly Middle Devonian. 

Fossils are not common because all must 
necessarily come from cores or cuttings of 
the deep exploratory wells drilled. In spite 
of their chance recovery, several fossils 
have been found which were sufficiently 
well preserved to enable description and 
subsequent correlation. Howell and Rich- 
ards (1949, p. 35) described the Upper Cam- 
brian or Lower Ordovician brachiopod 
Lingulepis floridanus from a core taken at 
3,668-3,671 feet in the Sun Oil Company 
No. 1 Langston test in Sec. 8-T8S-R14E, 
Dixie County, Florida. Swartz (1949, p. 
320) described the ostracode Chevrole perditia 
chevronalis, of Upper Orodvician or Lower 
Silurian age, from a core taken at 6,995- 
7,015 feet in the Warren No. 1 Chandler 
test, lot 406, Land District 26, Early County 
Georgia. Kjellesvig-Waering (1950, p. 229) 
described the Upper Silurian Eurypterid, 
Pterygotus floridanus from a core taken in 
the Sun Oil Company, No. 1 Tillis test, in 
the center of the SE/4 SW/4 of Sec. 28- 
T2S-R1S5E, Suwannee County, Florida. 
Bridge and Berdan (1950, p. 2) report 
fossils in 17 wells and give age determina- 
tions based on these fossils, however, none 
have been described. 


Two of the fossils discovered by Berdan 
represent a Ceratiocaris and a Pterygotus 
which are described in this paper. Both are 
associated in a core taken at 3,450—70 feet 
(full recovery) in the Gulf Oil Company, No. 
1 Kie Vining test, located in Sec. 2-T4S- 
R15E, Columbia County, Florida. Both of 
these forms reveal affinities with the Silurian 
Bertie waterlime of New York, and further- 
more strengthen the writer’s previous Upper 
Silurian age determination of the black 
shale in the Sun No. 1 Tillis well in Suwan- 
nee County, Florida. Lithologically the 
black shales of both wells are identical. Simi- 
lar shale, containing fragments of a body 
segment of a Pterygotus, was found by 
Berdan in the St. Mary’s River Oil Corp., 
No. 1 Hilliard Turpentine Company, Sec. 
19-T4N-R24E, Nassau County, Florida in 
the black shale section between 4,640 and 
4,808 feet (Applin 1949, p. 14). The writer 
has seen these fragments and identified them 
as representing a Pterygotus having the same 
ornamentation as P. floridanus. It is sur- 
prising that a fossil as uncommon as euryp- 
terids should be recovered as many times 
and under such unfavorable conditions. 
However, eurypterids are now known from 
three wells in Florida, and of these, two were 
sufficiently whole enough to enable descrip- 
tion and correlation. Phyllocarids likewise 
are not fossils commonly found. 

The Gulf No. 1 Kie Vining test was 
completed in May, 1950, at a total depth of 
3,470 feet. According to Louise Jordan (per- 
sonal communication, June 29, 1954) it 
penetrated Upper Cretaceous strata at 1,692 
feet, Lower Cretaceous at 3,182 feet, and 
Paleozoic black shale (Silurian) at 3,336 feet. 
A total of 134 feet of Silurian shales were 
encountered. 
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CERATIOCARIS BERDANAE Kjellesvig- black shale, associated with Pterygotys | hand. N' 
Waering, n. sp. suwanneensis. The specimen comes from ently 

Figure 1 core no. 43, taken at 3,450-70 ft. (full recoy. iemubg 

The holotype comprises a well preserved ery) in the Gulf Oil Corp., No. 1 Kie Vining | proken © 
caudal assemblage retaining the dorsal side *eSts located 330 ft. north and 760 ft. east of | present. 
of a complete telson and attached cercopods. the southwest corner of the SE/4, SW/4 of | cblique, 
Numerous crushed and distorted fragments Sec. 2-T4S-R1SE, Columbia County, Flor. | striation: 
of abdominal segments occur scattered ‘4a. The holotype comes from the depth of | present 
throughout the core of black shale. 3,462 feet. ea al tooth is 
The telson is very wide at the anterior Remarks: Ceratiocaris berdanae is a small | eriotly + 


form, and is the southernmost member of | former. / 
the genus in North America. In comparison, pears to 
C. berdanae appears closer to C. acuminaig | toward t 
Hall of the Bertie waterlime of New York | ight tee 
than to any other form. It differs from the | central t 
latter in being a much smaller species, and | yhich is 
in particular in having a relatively wider | With the 
telson, which is considerably more inflated | terior te 
anteriorly. The slight carina also appears | pent for 
more prominent in C. berdanae. | the ramt 

The species has been named in honor of | series. L 
Dr. Jean Berdan of the U. S. Geological | mm.;est 
Survey, Washington, D. C., to whom the | hand: 31 
writer wishes to express his gratitude forthe |  Horizc 
loan of this specimen as well as for the | shale fro 
Pterygotus described below. Dr. Berdan dis. (full rece 
covered the latter during her studies on | {je Vini 
cores from the Florida Paleozoic. | 160 ft. e 

Depository: U. S. Geol. Surv., Washing- | S£/4SV 


end and tapers abruptly into the pointed 
distal end. The spike is slightly carinated 
which continues into the inflated anterior 
end as a rather flattened raised area. Overall 
length of the telson is 16.5 mm., and great- 
est width measures 2.5 mm. 

The attached cercopods are blade-like, 
slightly longer than half the length of the 
telson. They are rounded at the outer an- 
terior margins. The outer lateral margins are 
gently curved whereas the inner lateral 
margins are nearly straight. Each cercopod 
ends in a spike. Length of the cercopods is 
10.3 mm., and greatest width measures .8 
mm. 


ton, D. oh County, 
the dept 
PTERYGOTUS (ACUTIRAMUS) SUWANNEEN- | associate 
sis Kjellesvig-Waering, n. sp. | Ceratioce 
Figure 2 Remar 

Holotype, only specimen, comprises part | parison 


and counterpart of a nearly complete fixed | mated o 
ramus and hand of the chelicera. The speci- | surpass ! 
man occurs as a well preserved print in | fore, tha 
black shale but lacks the distal part of the | individu 
fixed ramus and small parts of the extremi- __ teeth, as 
ties of the hand. serratior 

As in other Pterygotids the hand is | istics of 
roughly rectangular and measures 7.0 mm. | present 
in length. | establish 

The fixed ramus is slender, gently curved | relatives 
outward, and inwardly where it joins the | ent info 





suwanne 

Fic. 1—Holotype of Ceratiocaris berdanae, buffaloen 
n..op., KS. macroph, 

less num 


The associated abdominal segments re- 
veal transverse, raised, and slightly crinkled 


linear ornamentation. ; : Ba Fic. 2—Holotype of Pterygotus suwan- 
Horizon and Locality: Upper Silurian neensis, n. sp., X1.6. 











art 








SILURIAN ARTHROPODS FROM FLORIDA 


hand. Numerous teeth are present, but ap- 

ntly not as many as in other species of 
the subgenus. Some of these may have been 
broken out although no sign of breakage is 
resent. The main central tooth (D1) is 
sblique, pointed forward, but without any 
griations or serrations which are commonly 
present in other species. In front of this 
jooth is another tooth which is curved an- 
eriorly and is less than half the size of the 


| former. Anterior to the latter, the stem ap- 


rs to be devoid of any dentition, except 
toward the distal part where two small up- 
right teeth are noted. Posterior to the large 
entral tooth are five teeth, the largest of 
which is less than half as large as the former. 
With the exception of the two smaller pos- 
terior teeth, all of these are oblique and 
bent forward. No other teeth are present on 
the ramus posterior to the above-described 
gries. Length of central tooth (D1): 5.7 


| mm.; estimated overall length of ramus and 


hand: 31 mm. 

Horizon and Locality: Upper Silurian black 
shale from core no. 43 taken at 3,450—70 feet 
(ull recovery) in the Gulf Oil Corp., No. 1 
Kie Vining test, located 330 ft. north and 
760 ft. east of the southwest corner of the 
SE/4 SW/4, of Sec. 2-T4S-R15E, Columbia 
County, Florida. The holotype comes from 
the depth of 3,462 feet. P. swwanneensis is 
associated with numerous fragments of 


| Ceratiocaris berdanae. 


xed | 
| surpass 18 inches in length. It may be, there- 


in 
the 
mi- 





Remarks: P. suwanneensis is small in com- 
parison to other pterygotids as the esti- 
mated overall length of the body would not 


fore, that the holotype is not a fully grown 
individual and that the lesser number of 
teeth, as well as the lack of striations and 
serrations of the central tooth are character- 
istics of young individuals. However, at the 
present time this assumption cannot be 
established and any comparison with near 
relatives of this form must be based on pres- 
ent information. As such P. (Acutiramus) 
suwanneensis differs from P. (Acutiramus) 
bufaloensis Pohlman and P. (Acutiramus) 
macrophthalmus Hall in having considerably 
less number of teeth and in the lack of ser- 
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rations and striations on the central tooth. 
P. suwanneensis also differs from the latter 
two Bertie species in having the stem of the 
ramus, and the central tooth, less massively 
developed. The overall aspect of the cheli- 
cerae of P. suwanneensis is very slender. It 
differs likewise from the Bohemian P. 
(Acutiramus) bohemicus Barrande in the 
same details as mentioned above with re- 
gard to the Bertie forms. 

It is interesting to note the close associa- 
tion of the two subgenera P. (Pterygotus) 
and P. (Acutiramus) in the Silurian. P. 
(Pterygotus) floridanus Kjellesvig-Waering 
was described from a core of similar Silurian 
shales, at 3,552-3,568 ft., in the Sun No. 1 
Tillis test in Sec. 28-T2S-R15E, Suwannee 
County, Florida (Kjellesvig-Waering 1950, 
p. 230). This form is similar in many respects 
to P. cobbi of the Bertie waterlime of western 
New York, P. juvenis, of the Bertie water- 
lime of central New York and P. barrandei 
of the Bohemian Silurian. Each of these 
forms occurs together with a species of the 
subgenus P. (Acutiramus), namely P. buf- 
faloensis of western New York and P. mac- 
rophthalmus of central New York, and P. 
bohemicus of Bohemia. It is not surprising, 
but entirely expected, that a similar associa- 
tion (i.e. P. floridanus and P. suwanneensis) 
should occur in Florida. 

Depository: U. S. Geol. Surv., Washing- 
ton, D.C. 
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BOOK REVIEW 


HANDBOOK OF CRETACEOUS FORAMINIFERA 
OF TExas, by Don L. Frizzell. Univ. 
Texas, Bur. Econ. Geol., Report of In- 
vestigations—No. 22, 1954; 232 pp., 2 
figs., 21 pls.; $1.75 (paper cover), $2.75 
(cloth). 

Dr. Frizzell’s long-awaited manual is a 
valuable reference for all students of Cre- 
taceous smaller Foraminifera. The purposes 
of this work are ‘‘ . . . to present, in a single 
volume, a relatively complete series of illus- 
trations of the foraminifera recorded from 
Cretaceous strata in Texas” and “... to 
list stratigraphic occurrences.’’ This pub- 
lication is a comprehensive compilation of 
649 species and varieties, 634 of which are 
illustrated. Three species are new, viz. 
Ramulina bullardae Frizzell, Marginulina 
idola Frizzell, and Vitriwebbina biosculata 
Frizzell. Copies were first mailed July 15, 
1954. 

The introduction of the manual briefly 
discusses the history of research on these fos- 
sils, the purposes and limitations of the 
Handbook, and problems for future investi- 
gations. This is followed by an excellent 
chapter on principles of systematics and 
nomenclature, which will be of interest not 
only to micropaleontologists but to all tax- 
onomists. A criticism may be made regard- 
ing the best form of synonymy. The example 
which Frizzell (p. 11) calls ‘‘poor”’ is, in the 
opinion of the reviewer, better than the 
others presented. This synonymy is strictly 
chronological and repeats the exact spelling 
of the specific name as used by each author 
of citation. The nomenclatural history of a 
species is more clearly shown by successive 
citations, and determination of the priority 
of names is facilitated. Furthermore, cita- 
tions of the same name combinations may 
show variations in spelling, which are not 
apparent if the name combinations are not 
repeated in each citation. However, as 
Frizzell (p. 12) notes, this form of synonymy 
requires more space. 

General remarks are given on the Cretace- 
ous stratigraphy of Texas, and the micro- 
paleontology of the foraminifers and associ- 
ated microfossils. Unfortunately, the equiv- 
alent European stages are not shown for 
the entire Cretaceous section of Texas. 


Frizzell (pp. 18, 19) remarks that much 
work remains to be done on microfosgilg 
other than foraminifers, in the Cretaceoy; 
of Texas. He mentions fish teeth and SCales 
shell fragments, ostracodes, remains of other 
crustaceans, remains of echinoderms, coco. 
liths, diatoms, and radiolarians. Others that 
have received little or no study are algae 
sponge spicules, worm fragments, and Oligo. 
stegina. Possibly the dense Neocomian lime. 
stones contain Nannoconus and calpionellids 
(so-called fossil tintinnids). 


A brief analysis of the foraminiferal fauna 


of each formation includes a check list of the 
foraminifers. No mention was made of the 
hard massive Edwards limestones replete 
with nummoloculinas and other miliolids, 


The systematic catalogue is arranged ac. | 


cording to Cushman’s classification. For 
each form there is an adequate synonymy 
and a list of formations in which it occurs in 
Texas. The stratigraphic distribution of each 
form is admittedly incompletely known, 
Most of the occurrences given are well sub- 
stantiated. However, a few, such as Globo. 
truncana fornicata Plummer from the Corsi- 
cana marl, Navarro group, and Neoflabellina 





nos 





reticulata (Reuss) from the upper Taylor | 
marl, should be regarded as doubtful. The | 


stratigraphic distribution of Lituola tay. 
lorensis Cushman & Waters must be ex- 
tended to include the Corsicana marl, 


Navarro group, in the Rio Grande and East | 


Texas embayments. 

The quality of illustrations of the forami- 
nifers is excellent. The figures are stipple- 
board drawings on white background copied 
from various sources. However, errors in 
some of the original drawings have also been 


copied. Thus the figures showing the aper- | 
tures of Bolivinitella eleyi (Cushman) (pl. | 


16, fig. 23b) and Siphogenerinoides plum. 


merae (Cushman) (pl. 16, fig. 36b) are inac- | 


curate. The figure (pl. 18, fig. 32a-c) Frizzell 
calls Valvulineria plummerae is after Cush- 
man. This repeats Cushman’s mistake, forit 
actually represents Loetterle’s figure of 
Gyroidina depressa (Alth). 

Frizzell has done a commendable job o 
unravelling the nomenclature of these forms 
and applying the correct name to each. He 
does not deny that he has made errors and 
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BOOK REVIEW 


that there will be some future changes in 
mes. Already a few such changes have ap- 
red in the literature since the Handbook 
yent to press. 

Atleast 12 per cent of the 634 species and 
varieties figured by Frizzell require changes 
in names. These are too numerous to list, 
hut those among the planktonic forms may 
be mentioned. The species that Frizzell calls 
Gimbelina carinata Cushman, G. costulata 
Cushman, G. excolata Cushman, G. punctu- 
lata Cushman, G. semicostata Cushman and 
¢. striata (Ehrenberg) should be placed in 
the genus Pseudogiimbelina. Those he calls 
G. carseyae (Plummer) and G. plummerae 
Loetterle should be allocated to the genus 
Pseudotextularia. The name Planoglobulina 
jaylorana Cushman must be discarded. The 
reviewer has examined the holotype of this 
so-called species which is well figured by 
Frizzell (pl. 16, fig. 8a). It is a Giimbelina or 
related form cemented by adhering matrix 
to the ventral side of a Globigerina. The 
genus Globorotalia does not occur in Cre- 
taceous strata. The species which Frizzell 
calls Globorotalia delrioensis Plummer and 


na 
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Globorotalia marginaculeata Loeblich & Tap- 
pan belong to the genus Praeglobotruncana. 
Globorotalia cushmani Morrow has been 
termed by other workers Globotruncana 
(Rotalipora) cushmani. Globorotalia mem- 
branacea (Ehrenberg) of Frizzell is a Cancris 
sp. The illustration of Globotruncana arca 
(Cushman) (pl. 20, fig. 22a-c) represents 
Globotruncana stuarti (de Lapparent). Glo- 
bigerina rugosa Plummer is now termed 
Rugoglobigerina (R.) rugosa s.s. The name 
Globigerina delrioensis Carsey need not be 
disinterred to replace the so-called Globiger- 
ina cretacea d’Orbigny of Tappan. The 
meager description of G. delrioensis is not 
diagnostic; this form has never been figured; 
and no holotype or other specimen so la- 
beled is in the Carsey collection. 

Frizzell’s handy volume will probably be 
the standard reference on Cretaceous For- 
aminifera of Texas for many years. It would 
seem to accomplish its purposes in praise- 
worthy fashion. 


NOEL K. Brown, Jr. 
Cuban Gulf Oil Co, 
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SOCIETY RECORDS AND ACTIVITIES 
PROGRAM FOR S.E.P.M., NEW YORK MEETING (Statler Hotel) 
F, J. Pettijohn, Technical Program Chairman 
SUMMARY OF PROGRAM 


MONDAY, MARCH 28 
S.E.P.M. Council Empire Room, Parlor B 10 ay 


Mineralogy and Sedimentary Petrology Main Ballroom 1:30 py 


Presiding: R. R. Shrock, Mass. Inst. Tech., Cambridge, Mass. 
Raymond Siever, Ill. State Geol. Surv., Urbana, III. 


TUESDAY, MARCH 29 


Joint Session with A.A.P.G. and S.E.G. Main Ballroom Day 
Presiding (for S.E.P.M.): Brooks Ellis 
Research Committee Symposium: Sedimentary Aspects of Restricted Basin Deposition 


Keystone Room 2 Py 


Presiding: E. C. Dapples, Northwestern Univ., Evanston, III. 
Bernhard Kummel, Harvard Univ., Cambridge, Mass. 


Annual Business Meeting Keystone Room 4py 


Presiding: Hans E. Thalmann 


WEDNESDAY, MARCH 30 
Symposium: Spores, Pollen and other Microfossils Useful in Oil Exploration 
Keystone Room Jay 
Presiding: W. S. Hoffmeister, Carter Oil Co., Tulsa, Okla. 
Elso Barghoorn, Harvard Univ., Cambridge, Mass. 
In the afternoon S.E.P.M. will meet jointly with A.A.P.G. for symposium on Late Qua- 


ternary Geology of Modern Depositional Basins Main Ballroom PAL 
THURSDAY, MARCH 31 
General Paleontology and Stratigraphy Keystone Room 9 aM. 


Presiding: M. L. Thompson, Univ. Kansas, Lawrence, Kan. 
Walter Youngquist, Univ. Kansas, Lawrence, Kan. 


SOCIETY OF ECONOMIC PALEONTOLOGISTS AND MINERALOGISTS 
29th ANNUAL MEETING 


MONDAY, MARCH 28 1:30 Pu. | 


Main Ballroom, Statler Hotel 
MINERALOGY AND SEDIMENTARY PETROLOGY 


Presiding: R. R. Shrock, Massachusetts Institute of Technology, Cambridge, Mass. 
Raymond Siever, Illinois State Geological Survey, Urbana, III. 


1. PENNSYLVANIAN LITHOLOGIES AND THEIR SIGNIFICANCE IN CENTRAL GREAT | 


BASIN (15 mins.) 
Robert H. Dott, Jr., Humble Oil and Refining Co., Eugene, Ore. 


2. SEDIMENTARY ENVIRONMENTS OF COASTAL PLAINS AND THEIR CONTINE}- 


TAL SHELVES (15 mins.) 
V. Armstrong Price, Agricultural and Mechanic College of Texas, College Station, Texas. 
. TRIASSIC REEFS OF THF, DOLOMITE ALPS, NORTHERN ITALY (10 mins.) 
Norman D. Newell, Amer. Museum Nat. History, New York, N. Y. 
. RECENT STROMATOLITES FROM SOUTH FLORIDA (15 mins.) 
R. N. Ginsburg, University of Miami, Coral Gables, Fla. 
. BARRIER ISLAND SEDIMENTARY UNITS ALONG THE GULF COAST (15 mins.) 
Francis P. Shepard, Scripps Institution of Oceanography, La Jolla, Calif. 
. DEPOSITIONAL FABRIC OF BEACH SANDS (15 mins.) 
R. H. Nanz, Shell Development Co., Houston, Texas. 
. ESTIMATION OF RECENT SEDIMENT SIZE PARAMETERS FROM A TRIANGULAR 
DIAGRAM (15 mins.) 
W. J. Plumley* and D. H. Davis, California Research Corp., La Habra, Calif. 
8. COMPOSITE END MEMBERS IN FACIES MAPPING (10 mins.) 
W. C. Krumbein, Northwestern University, Evanston, III. 


ax AO on Ee BD 


* Speaker. 
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9, ANALYSIS OF SEDIMENTARY FACIES IN POTTSVILLE STRATA OF CENTRAL 
‘APPALACHIAN COAL FIELD (15 mins.) 
E. C. Dapples* and R. M. Mitchum, Northwestern University, Evanston, IIl., and Carter Re- 
search Laboratory, Tulsa, Okla. 
10, THE APPLICATION OF A DISCRIMINANT FUNCTION TO A PROBLEM IN PETROLE- 
‘ “UM GEOLOGY (15 mins.) 
John R. Emery, Carter Oil Co., Tulsa, Okla. 
1, APPLICATIONS OF COLLOIDAL MECHANICS IN THE INTERPRETATION OF 
NATURAL POLYDISPERSE SYSTEMS (15 mins.) 
_ Robert Moore, III, Harvard University, Cambridge, Mass. 
12, HEAVY MINERAL SUITES OF THE CRETACEOUS FORMATIONS OF NORTHERN 
DELAWARE (15 mins.) 
Johan J. Groot, Delaware Geological Survey, Newark, Del. 
13, PRELIMINARY STUDY OF MINERALS FROM THE EAST GULF OF MEXICO (10 


mins.) 
Nora Gladwin Fairbank, Woods Hole Oceanographic Institution, Woods Hole, Mass. 


TUESDAY, MARCH 29 9:00 A.M. 
Main Ballroom—Statler Hotel 


JOINT TECHNICAL SESSION WITH AMERICAN ASSOCIATION OF PETROLEUM 
GEOLOGISTS AND SOCIETY OF EXPLORATION GEOPHYSICISTS 


Addresses, Honors and Awards 
Presiding (for S.E.P.M.) Brooks F. Ellis, American Museum Natural History, New York, N. Y. 


APPLIED MICROPALEON TOLOGY 
Hans E. Thalmann, Society Economic Paleontologists and Mineralogists 


SE.P.M. HONORARY MEMBERSHIP 


Brooks F. Ellis ; 
Recipient: Jesse J. Galloway, Indiana University, Bloomington, Ind. 


TUESDAY, MARCH 29 2:00 P.M 
Keystone Room—Statler Hotel 


RESEARCH COMMITTEE SYMPOSIUM: SEDIMENTARY ASPECTS OF BARRED 
AND RESTRICTED BASINS 


Part 1—Presentation of Papers 


Presiding: E. C. Dapples, Northwestern University, Evanston, III. 
Bernhard Kummel, Harvard University, Cambridge, Mass. 


1. SYSTEMS OF SEDIMENTATION AND THEIR PHASES (25 mins.) 

P. D. Krynine, Pennsylvania State University, State College, Pa. 
2. STARVED BASINS (25 mins.) 

Hugh N. Frenzel and Ralph Lowe, Midland, Texas. 
3. CHEMICAL EQUILIBRIA UNDER RESTRICTED MARINE CONDITIONS (25 mins.) 

R. M. Garrels, U. S. Geological Survey, Washington, D. C. 
4, SEDIMENTARY ENVIRONMENT OF IRON FORMATIONS (25 mins.) 

A. L. Howland*, Northwestern University, Evanston, Illinois, and H. L. James, U. S. Geological 

Survey, Menlo Park, Calif. 
Part 2—Panel Discussion 

Discussion of each paper will be deferred until all papers have been presented. Topics covered by 
the papers will be discussed in a special panel session which will be held following the papers. Ap- 
a 40 minutes will be available for the discussion. Panel members will consist of all speakers 
and co-authors. 


ANNUAL BUSINESS MEETING 


Presiding: Hans E. Thalmann 


The meeting will be called to order at the termination of the discussion period of the symposium, 
and could possibly begin prior to 4:30 p.m. Members are urged to be present. 


WEDNESDAY, MARCH 30 9:00 a.m. 
Keystone Room—Statler Hotel 


SYMPOSIUM: SPORES, POLLEN AND OTHER MICROFOSSILS USEFUL 
IN OIL EXPLORATION 


Presiding: W. S. Hoffmeister, Carter Oil Co., Tulsa, Okla. 
Elso Barghoorn, Harvard University, Cambridge, Mass. 
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i. oor et POLLEN—A NEW STRATIGRAPHIC TOOL FOR THE OIL INDUSTRY 
mins. 
Raymond D. Woods, Humble Oil and Refining Co., Houston, Texas. 
2. MISSISSIPPIAN PLANT SPORES FROM THE HARDINSBURG FORMATION OF ILL] 
NOIS AND KENTUCKY (20 mins.) ; 
William S. Hoffmeister,* Frank L. Staplin, and Raymond E. Malloy, Carter Oil Co., Tulsa Okl 
3. THE STRATIGRAPHIC DISTRIBUTION OF PENNSYLVANIAN SPORES (20 mins.) , 
Robert M. Kosanke, Illinois State Geological Survey, Urbana, III. 
4. STRATIGRAPHIC CORRELATIONS IN PALEOZOIC STRATA (20 mins.) 
Gerhard Kremp, Pennsylvania State Coll., State College, Pa. 
5. TERTIARY SPORES AND POLLEN RELATED TO THE PALEOECOLOGY AND StTRa. 
TIGRAPHY OF CALIFORNIA (20 mins.) 
W. L. Norem, California Research Corp., La Habra, Calif. (To be presented by W. J. Plumley) 
6. MORPHOLOGY AND GEOLOGY OF THE HYSTRICHOSPHERIDIA (20 mins.) 
L. R. Wilson*, University of Massachusetts, Amherst, Mass., and W. S. Hoffmeister, Carter (jj 
Company, Tulsa, Okla. 
7. THE MICROPALEONTOLOGY OF HOLOTHURIAN SCLERITES (20 mins.) 
Don L. Frizzell, Missouri School of Mines, Rolla, Mo., and H. Exline, Rolla, Mo. 


WEDNESDAY, MARCH 30 AFTERNOON 
Main Ballroom—Statler Hotel 


S.E.P.M. will meet jointly with A.A.P.G. for symposium on Late Quaternary Geology of Modern 
Depositional Basins. 


THURSDAY, MARCH 31 9:00 aw. 


KXeystone Room—Statler Hotel 
GENERAL PALEONTOLOGY AND STRATIGRAPHY 


Presiding: M. L. Thompson, University of Kansas, Lawrence, Kan. 
Walter Youngquist, University of Kansas, Lawrence, Kan. 


1. STRATIGRAPHY OF LATE CRETACEOUS AND EARLY TERTIARY FORMATIONS 
NEW JERSEY. (15 mins.) 
Steven K. Fox, Rutgers University, New Brunswick, N. J., and Richard K. Olsson,* Princeton 
University, Princeton, N. J. 
. EDWARDS LIMESTONE FOSSiLS AS DEPTH INDICATORS. (10 mins. ) 
Keith Young, University of Texas, Austin, Texas. 
. LATE CRETACEOUS CEPHALOPODS FROM SAUDI ARABIA. (15 mins.) 
W. M. Furnish* and A. K. Miller, State University of Iowa, Iowa City, Iowa. 
. THE CARBONIFEROUS GUIDE FOSSIL TYLONAUTILUS IN AMERICA. (5 mins.) 
A. K. Miller* and W. M. Furnish, State University of Iowa, Iowa City, Iowa. 
. CRITERIA FOR THE RECOGNITION OF SPECIES AND SUBSPECIES IN UPPER TRI- 
ASSIC METOPOSAURID AMPHIBIANS. (15 mins.) 
Edwin H. Colbert and John Imbrie*, American Museum of Natural History and Columbia Uni- 
versity, New York, N. Y. 
6. SUBSURFACE GEOLOGY OF COKE COUNTY, TEXAS. (19 mins.) 
S. P. Ellison, Jr., University of Texas, Austin, Texas. 
7. ENDOTHYROID ZONATION IN THE MISSISSIPPIAN OF THE ROCKY MOUNTAINS. 
(15 mins.) 
Edward J. Zeller, University of Wisconsin, Madison, Wis. 
8. CLOSE ZONATION OF UPPER CRETACEOUS GLOBIGERINAL SEDIMENTS BY 
ABUNDANCE RATIOS OF GLOBOTRUNCANA SPECIES GROUPS. (10 mins.) 
H. V. Dunnington, Iraq Petroleum Company, Kirkuk, Iraq. 
9. ENDOTHYROID FORAMINIFERAL FAUNAS FROM THE LOWER CARBONIFEROUS 
OF ENGLAND AND ALGERIA. (10 mins.) 
Doris E. Nodine Zeller, University of Wisconsin, Madison, Wis. 
10. FORAMINIFERA FROM THE BEAUFORT AND CHUKCHI SEAS. (15 mins.) 
Alfred J. Carsola, U. S. Naval Electronics Laboratory, San Diego, Calif. 
11. ANCESTORS OF THE QUAHOG. (15 mins.) 
H. B. Stenzel, University of Houston, Houston, Texas. 
12. SALT DOME STRATIGRAPHY—LOWER GULF COAST. (15 mins.) 
S. W. Lowman, Rensselaer Polytechnic Institute, Troy, N. Y. 
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Alta., Canada 

RABANIT, PavuL, Mozambique Gulf Oil Co., 
C. P. 1242, Lourenco Marques, Portuguese 
East Africa 

Rainwater, E. H., Rt. 1, Raymond Rd., Jack- 
son, Miss. 

RAMSDELL, RoBerT C., Williams 
Williamstown, Mass. 


College, 


*Ranps, CLaup N., Rands Exploration Co., 718 \ 


Eighth Ave. W., Calgary, Alta., Canada 
RANKIN, WiLBuR D., 610 S. Broadway, Los 
Angeles, Calif. 
Rau, WELDON W., U. S. Geol. Survey, 4 Home- 
wood PI., Menlo Park, Calif. 
—_— HAROLD L., JR., Box 56, Montgomery, 
a. 
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Rector, GLasco W., 
Wichita, Kan. 
REDMOND, CHARLES DavID, Arabian-Americay 

Oil Co., Dhahran, Saudi Arabia 


842 N ° Chautauqua, 


REED, EUGENE C., 2210 Smith St., Lincoln 
Neb. 
REED, Everett T., 452 Salem St., Glendak 


Calif. 
*REESE, JACK E., 4729 Graywood Ave., Long 
Beach, Calif. 
— Joun B., JR., Box 177, Hyattsville 
M ’ 


REEVES, JAMEs E., Sinclair Oil & Gas Co., Box 
521, Tulsa, Okla. 

REINHART, PuHILip W., 1004 S. Lincoln §. 
Casper, Wyo. 

REITER, FREDERICK H., Carter Oil Co., Box 449 
Ardmore, Okla. 

REITER, W. A., 1815 Bissonet St., Houston, 
Texas 

RENZ, HANS HERMANN, Mene Grande Oil Co, 
Apt. 709, Caracas, Venez., S. A. 

REPENNING, CHARLES A., 902 N. Sixth St, 
Holbrook, Ariz. 

mento RoGER, 7348 Vista Del Mar, La Jolla, 
Calif. 

ReEzak, RicHarD, U. S. Geol. Survey, Federal 
Center, Denver, Colo. 

RHOADES, SAM J., Fordee Rhoades Oil Co., 1912 
First Natl. Bldg., Tulsa, Okla. 

*RHODES, FRANK H. T., Univ. of Illinois, Ur. 
bana, IIl. 

Riccio, JosepH F., 612 Elden Ave., Whittier, 
Calif. 

Richards, Adrian F., Scripps Inst. of Oceanogra- 
phy, La Jolla, Calif. 

RICHARDS, ARTHUR, 2916 Daniels, Dallas, Texas 

RicHarps, Davip T., 2006 Tenth St., Wichita 
Falls, Texas 

*RICHARDS, H. GLENN, 
Lawrence, Kan. 

RicHARpDs, Paut W., Box 1658, Billings, Mont. 

*Riccs, ELttiott A., 509 Howe St., Green Bay, 
Wis. 

Riccs, WiLt1AM A., Gulf Mobile & Ohio R. R., 
Mobile, Ala. 

RinpsIG, JULIA K., Shell Oil Co., Box 1509, Mid- 
land, Texas 

RITTENHOUSE, GORDON, Shell Oil Co., 1845 
Sherman St., Denver, Colo. 

Ritts, L. CuHaseE, JR., Stanolind Oil & Gas Co,, 
San Antonio, Texas 

RIvEROLL, Davip D., 320 Marcy Ave. E, 
Montesano, Wash. 

*RiviERE, A., 28 Avenue du Chateau, Bourg-la- 
Reine (Seine), France 

RosBeck, RayMonp C., U. S. Geol. Survey, Box 
360, Grand Junction, Colo. 

ROBERTSON, HERBERT C., JR., 5926 Victor, Dal- 
las, Texas 

ROBERTSON, PERCIVAL, The Principia College, 
Elsah, III. 

Rosinson, Van D., Atlantic Refg. Co., Box 
2819, Dallas, Texas 

Rop, EMILE, Venezuelan Atlantic Refg. Co. 
Apt. 893, Caracas, Venez., S. A. 4 

Rocers, JAMES K., Arkansas Fuel Oil Co., 170! 
Milam Bldg., San Antonio, Texas 


Univ. of Kansas, 
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ROLSHAUSEN, F. W., Humble Oil & Refg. Co., 
Houston, Texas 

RoMINGER, JOSEPH F., International Petr. Ltd., 
Apt. 335, Bogota, Colombia, S. A. 

RoTHROCK, DAVID PauL, 776 Eighth Ave., 


Durango, Colo. 
Rorarock, Howard E., 505 W. College, Coleman 


Texas 


ROTHWELL, W. THOMAS, JR., Richfield Oil Corp., | 


3900 Gariota Ave., Long Beach, Calif. 
pusey, WiLL1AM W., U. S. Geol. Survey, Wash- 
ington, V. ©. 
Aims. R. Dana, Ohio Oil Co., 539 S. Main 
St., Findlay, Ohio 
RutH, JouNn W., 529 Las Tunas Dr., Arcadia, 
Calif. 
RutscH, R. F., Melchenbuehlweg 75, Berne, 
Switzerland 
RyNIKER, CHARLES, Gulf Oil Corp., Box 661, 
Tulsa, Okla. 
Saczg, NATHANEIL McLean, Jr., Amherst 
College, Amherst, Mass. 
Sa, RusHpy, 140 Sh Teraa el-Boulakla, Cairo, 
Egypt 
‘SAKAKURA, KATSUHIKO, 501 Kugahara-machi, 
Ota-ku, Tokyo, Japan 
‘SaLAMUNI, RIAD, Rua Coronel Dulcidio 638, 
Sec. Geologia e Paleon., Curitiba, Parana, 
Brazil. S. A. 
SaLvaDOR (y Diaz), Amos, Gulf Oil Corp., 17 
Battery Pl., New York, N. Y. 
*SaMAAN, SOBHI MIKHAIL, 62 Ibrahim Pasha 
St., Cairo, Egypt 
SAMUELL, JOHN HowARD, Box 732, Abilene, Texas 
SanDER, NESTOR J., Arabian American Oil Co., 
505 Park Ave., New York, N. Y. 
SANDERS, JOHN W., International Petr. Ltd., 
Bogota, Colombia, S. A. 
‘SANDERSON, GEORGE A., JR., Shell Devel. Co., 
3737 Bellaire Blvd., Houston, Texas 
SANDIDGE, JOHN R., Magnolia Petroleum Co., 
1704 Alamo Natl. Bldg., San Antonio, Texas 


y SanForD, JoHN T., Wayne University, Detroit, 


Mich. 


/ SANGREE, JOHN B., JR., 6521 N. Greenview Ave., 


Chicago, III. 

Sass, Louis Cart, Gulf Oil Corp., Box 1166, 
Pittsburgh, Pa. 

‘Sawin, Horace J., Univ. of Houston, Houston, 
Texas 

*“SCHAFFEL, Simon, City College of New York, 
One Hundred Thirty-seventh St. & Convent 
Ave., New York, N. Y. 

ScueNck, HuBERT G., Box 1528, Stanford, Calif. 

‘cumipt, RutH A. M., U. S. Geol. Survey, 
Washington, D. C. 

Scamitt, GEORGE T., Sohio Petroleum Co., Box 
2007, Midland, Texas 

SCHOONOVER, JACK GARDNER, 525 S. Cedar St., 
Newkirk, Okla. 

“‘Scuorr, JAMES M., U. S. Geol. Survey, Ohio 

, State Univ., Columbus, Ohio 

Scoors, W. W. L., Schwarzenbergpl. 5/11, 
Vienna, Austria 
HULTZ, HILDRETH NEWELL, Univ. of Illinois, 
Urbana, III. 

“SCHWARZACHER, WALTHER, Queen's Univer- 
sity, Belfast, N. Ireland 


SCHWEERS, RICHARD HENRY, 4201 Westmont 
Ct., Fort Worth, Texas 

*SCHWEIGHAUSER, JAcos, Shell Devel. Co., 3737 
Bellaire Blvd., Houston, Texas 

Scospey, Extiis H., 807 Cuthbert, Midland, 
Texas 

Scott, EDwaRD W., Union Oil Co., of Calif., 617 
W. Seventh St., Los Angeles, Calif. 

Scott, HAROLD W., 244 Natural History Bldg., 
Urbana, IIl. 

*ScoTT, KENNETH E., 1321 Wood Ave., Apt. 3, 
Colorado Springs, Colo. 

Scott, W. FRANK, State College of Washington, 
Pullman, Wash. 

SCRAFFORD, JOHN Bruce,. 1809 Alamo Natl. 
Bldg., San Antonio, Texas 

ScruTON, Puixip C., Stanolind Oil & Gas Co., 
Tulsa, Okla. 

—_—- CLARENCE Ray, Box 1269, Jackson, 

iss. 

SELIG, A. L., 1650 Bank of Commerce Bldg., 
Houston, Texas 

SELLIN, H. A., Magnolia Petr. Co., Box 900, 
Dallas, Texas 

SETZER, FRANcIS M., 536 College St., Bellaire, 


Texas 

*SHANNON, ELLEN C., Box 276, Wickenburg, 
Ariz. 

SHAUB, BENJAMIN M., 159 Elm St., Northamp- 
ton, Mass. 


*SHAVER, RoBERT H., Univ. of Mississippi, 
University, Miss. 

SHELTON, JOHN W., Shell Oil Co., 1845 Sherman, 
Denver, Colo. 

SHEPARD, FRANCIs P., Scripps Inst., of Oceanog- 
raphy, La Jolla, Calif. 

SHEPARD, HERBERT WARREN, Shell Oil Co., Box 
1178, Billings, Mont. 
*SHEPPS, VINCENT C., c/o C. H. Brockelman, 
Peaceful Valley Farm, Franconia, N. H. 
SHROCK, ROBERT R., Massachusetts Inst. of 
Technology, Cambridge, Mass. 

SIDWELL, RAYMOND, Texas Technological Col- 
lege, Lubbock, Texas 

SIEGFUS, STANLEY S., 841 Milmada Dr., La 
Canada, Calif. 

SIEMER, WILLIAM J., St. Mary’s Univ., San An- 
tonio, Texas 

SIEVER, RAYMOND, State Geol. Survey, Urbana, 
Ill 


Simon, Louts J., The Texas Co., 929 S. Broad- 
way, Los Angeles, Calif. 

SIMONSON, RUSSELL R., Ohio Oil Co., 437 S. 
Hill St., Los Angeles, Calif. 

SKINNER, JOHN W., Humble Oil & Refg. Co.., 
Box 1600, Midland, Texas 

SKOLNICK, HERBERT, Western Gulf Oil Co., 
Ventura, Calif. 

*SLAMA, Don C., The California Co., 800 The 
California Co. Bldg., New Orleans, La. 
*SLOAN, ROBERT EvAN, Univ. of Minnesota. 

Minneapolis, Minn. 


_Stoss, LauRENCE L., Northwestern Univ., 


Evanston, IIl. 

*SLosson, JAMES E., 7113 Bianca Ave., Van 
Nuys, Calif. 

SMITH, BERNICE YOUNG, Rt. 1, Box 612, Ventura 
Calif. 

SMITH, DENVER J., Drawer 37, Harvey, La. 
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SMITH, FRED E., Texas A. & M. College, College 
Station, Texas 

SMITH, FRED L., JR., 514 Niels Esperson Bldg., 
Houston, Texas 

*SMITH, Patsy BECKSTEAD, 459 N. Cambridge, 
Claremont, Calif. 

SMITH, WILLIAM H., Mississippi State College, 
State College, Miss. 

SNIDER, JAMES W., Amerada Petr. Co., Box 
2040, Tulsa, Okla. 

*SoHL, NoRMAN F., U.S. Geol. Survey, Washing- 
ton, D. C. 

SOHN, a U. S. Natl. Museum, Washington, 
D 


SONNENBERG, FRANK P., c/o Herman & George 
R. Brown, Box 1615, Billings, Mont. 

SovayA, FERNAND J., 17 Kasr-el-nil St., Cairo, 

gypt 

SowERS, Gordon M., Creole Petr. Corp., Jusepin, 
Estado Monagas, Venez., S. A. 

SPEED, CARLETON D., JR., 1315 Second Natl. 
Bank Bldg., Houston, Texas 

SPEER, JOHN HILL, Box 959, Ardmore, Okla. 

SPENCER, MaAriA, Superior Oil Co., Midland, 
Texas 

SPIEKER, EDMUND M., Ohio State Univ., Colum- 
bus, Ohio 

SPROTTE, Epwarp C., 2080 Obispo Ave., Long 
Beach, Calif. 

SPROULE, J. C., 901 Eighth Ave. W., Calgary, 
Alta., Canada 

Sprouse, DonaLp W., The Carter Oil Co., 
Drawer 1739, Shreveport, La. 

StacH, LEo W., c/o Chinese Petr. Corp., 71 
Goan Chyan Rd., Taipei, Taiwan, Formosa 

STAINBROOK, MERRILL A., Brandon, Iowa 

STAINFORTH, ROBERT M., Carter Oil Co., Box 
318, Billings, Mont. 

STAUFFER, CLINTON R., 2247 Loma Vista St., 
Pasadena, Calif. 

STEAD, FREDERICK L., 3219 W. Marianna, Mid- 
land, Texas 

er GrRanT, Gulf Oil Corp., Box 661, Tulsa, 

kla. 

STEHR, RAYMOND A., Seaboard Oil Co., 1400 
Continental Bldg., Dallas, Texas 

STENZEL, H. B., University of Houston, Houston, 
Texas 

STEPHENSON, LLoyp W., 4620 Rosedale Ave., 
Bethesda, Md. 

STEPHENSON, Morton B., Stanolind Oil & Gas 
Co., Box 3092, Houston, Texas 

STETSON, HENRY C., Harvard Univ., Cambridge, 
Mass. 

STEVENSON, FRANK V., 3814 Meadow Lake Lane, 
Houston, Texas 

STEVENSON, ROBERT EVANS, State Geol. Survey, 
State Univ., Vermillion, S. Dak. 

*STEVENSON, ROBERT EVERETT, 525 Princeton 
Circle W., Fullerton, Calif. 

*STEWART, DUNCAN, Carleton College, North- 
field, Minn. 

STEWART, GRACE ANNE, 4416 E. Elmwood St., 
Tucson, Ariz. 

*STEWART, Harris B., JR., Scripps Inst. of 
Oceanography, La Jolla, Calif. 

STEWART, RoscoE EMERSON, 4075 N. Castle 
Ave., Portland, Ore. 
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STEWART, WENDELL J., The Texas Co., Box 172 
Fort Worth, Texas 

STILL, J. T., Conselho Nacional do Petroleo 
Rua Treze de Maio 13, 210 Andar, Rio de 

‘ Janeiro, Brazil. S. A. . 

TINEMEYER, EDWIN HUMES, JR., 131 W : 

Dr., Bakersfield, Calif. J etherley 

*StT. JEAN, JOSEPH, JR., Indiana Univ., Bloom. 
ington, Ind. 

*STOEVER, EDWARD C., JR., Univ. of Michigan 
Ann Arbor, Mich. , 

STONE, BENTON, c/o S.V.P.M., Palemban 
Sumatra, Indonesia 8 

STONE, SOLON W., The Carter Oil Co., Box 1739 
Shreveport, La. : 

Stow, Marce.tus H., 405 Morningside Ht 
Lexington, Va. 

STRACHN, CLARENCE H., JR., 3780 Empire Roy 
Beaumont, Texas 

*STRIMPLE, H. L., Box 94, Bartlesville, Okla. 

StuBss, SIDNEY A., Box 722, Houston, Texas 

STUCKEY, CHARLES W., JR., 800 Prudential Bldg, 
Houston, Texas 

Stupt, CHARLES W., Union Gas System Ine, 
Independence, Kan. 

*STURGEON, Myron T., Ohio Univ., Athens 
Ohio 

Sturz, CHARLES E., Box 811, Ventura, Calif. 

SUMMERSON, CHARLES H., Ohio State Univ, 
Columbus, Ohio 

SUTHERLAND, Patrick K., Univ. of Houston, 
Houston, Texas 

Sutton, A. H., Alcoa Mining Co., 1501 Alcoa 
Bldg., Pittsburgh, Pa. 

Swaln, Frep M., Univ. of Minnesota, Min. 
neapolis, Minn. 

*SWARTZ, FRANK M., Pennsylvania State Univ, 
State College, Pa. 

SWINEFORD, Apa, State Geol. Survey, Lawrence, 
Kan. 

SWIRCZYNSKI, RICHARD P., Houston Oil Co. of 
Texas, Box 1128, Casper, Wyo. 

*SZENK, BoGuSTAW J., Seismograph Service 
Corp. of Delaware, Apt. 1488, Caracas, 
Venez., S. A. 


*TABBERT, R. L., Magnolia Petr. Co., Ba 
872, Lake Charles, La. 

TANNER, WILLIAM F., Univ. of Florida, Tale 
hassee, Fla. 

TARBET, Loyat A., 17 Santa Ana Dr., Salinas, 
Calif. 

TARTAMELLA, NATALE JouN, 510 Adrian Dr, 
San Antonio, Texas 

TARVER, JACK H., Phillips Petr. Co., Amarillo 
Texas : 

Tascu, Pau, 713 S. Thirteenth St., Fargo, ¥. 
Dak. 


TASMAN, MEHLIKA, M. T. A. Enstitusu, Ankan, 
Turkey ; 

Tator, BENJAMIN A., 784 A. Cooke Dr., Pitts 
burgh, Pa. 


Tatum, EMMETT P., Humble Oil & Refg. , 
Houston, Texas 

|| TAVERNIER, R., 17 rue Paul Fredericq, Gand 
Belgium a 

*TayLor, DwicHt W., Univ. of Caliform 
Berkeley, Calif. 
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tavor, HowaRD DEAN, Sunray Oil Corp., Mid- 


land, Texas 


Taytor, JACK A., Magnolia Petr. Co., Box 872, 


Lake Charles, La. 
tavLor, WARREN L., El Paso Natural Gas Co., 
Box 1384, Jal, N. Mex. 
‘feicHERT, CURT, U.S. Geol. Survey, Federal 
Center, Denver, Colo. 
TerclER, JEAN, Inst. de Geol. de l'Universite 
Perolles, Fribourg, Switzerland 
‘TerMiER, HENRI, Lab. de Geol., Faculte des 
Sciences, Alger, Algeria, N. Africa 
Terry, JACK S., Shell Oil Co., Box 2037, Tyler, 
Texas 
‘Terry, RICHARD D., 18234 W. Forty-fifth St., 
Los Angeles, Calif. 
TestER, ALLEN C., 228 Woolf Ave., Iowa City, 
lowa 
TaaLMANN, Hans E., Box 1978, Stanford, 
Calif. 
THEESSEN, ERIC JOHANNES, 1017 York Ave., 
Corpus Christi, Texas 
: Tomas, NorMAN L., Pure Oil Co., 35 E. Wacker 
Dr., Chicago., Ill. 
Tompson, M. L., Univ. of Kansas, Lawrence, 


n. 

TooMPsON, SAM JR., Humble Oil & Refg. Co., 
Box 1287, Roswell, N. Mex. 

Taomeson, S. A., Magnolia Petr. Co., Box 900, 
Dallas, Texas 

THOMPSON, WARREN C., 12 Wellings Pl., Mon- 
terey, Calif. 

THOMPSON, WARREN O., Univ. of Colorado, 
Boulder, Colo. 

‘TaorP, ELDON M., Soil Conservation Service, 
Box 1348, Albuquerque, N. Mex. 

TirswoRD, HowARD LEE, Magnolia Petr. Co., 
Box 872, Lake Charles, La. 

*‘TOEPELMAN, WALTER C., Univ. of Colorado, 
Boulder, Colo. 

ToMLINSON, CHARLES W., 510 Little Bldg., 
Ardmore, Okla. 

Toomey, DoNALD F., Shell Oil Co., Box 1509, 
Midland, Texas 

‘TorIYAMA, Ryuzo, Faculty of Science, Kyushu 
Univ., Hakozaki, Fukuoka, Japan 

TouLMIN, LAYMAN D., Florida State Univ., 
Tallahasee, Fla. 

*‘TRAPESONIAN, MICHAEL, 6295 Del Valle Dr., 
Los Angeles, Calif. 

Trask, PARKER D., 240 Southampton Ave., 
Berkeley, Calif. 

Travis, RICHARD, 1920 N. Sixth St., Grand 
Junction, Colo. 

TRAXLER, J. DouGvas, 15510 Friends St., Pacific 
Palisades, Calif. 

TREADWELL, ROBERT C., Louisiana State Univ., 
Baton Rouge, La. 

‘TREFETHEN, JOSEPH M., Univ. of Maine, 
Orono, Me. 

‘TrEvISAN, Livio, Istituto di Geologia, Via S. 
Maria 31, Pisa, Italy 

Tre, ErHEL Davis, Cox Drilling Corp., 925 
Staley Bldg., Wichita Falls, Texas 

TrowBrIDGE, A. C., 2507 North Blvd., Houston, 
Texas 

Tutt, Paut B., Cuban-Gulf Oil Co., Box 729, 
Havana, Cuba 


Tscuopp, H. J., Am Ausserberg 53, Riehen- 
Basle, Switzerland 

TuBB, GEORGE G., Magnolia Petr. Co., Box 1828, 
Oklahoma City, Okla. 

TULLIs, Epwarp L., South Dakota School of 
Mines, Rapid City, S. Dak. 

TurK, Lon B., 808 First Natl. Bldg., Oklahoma 
City, Okla. 

TURNER, FRANCIs E., 210 Union Oil Bldg., 2520 
So. State St., Salt Lake City, Utah 

TURNER, JAMES A. JrR., 901 Westridge Dr., 
Abilene, Texas 

TT WENHOFEL, W. H., Route 3, Box 459C, 
Orlando, Fla. 

TWINING, JOHN T., Bureau of Economic Geology, 
Univ. of Texas, Austin, Texas 

*TyLER, STANLEY A., Univ. of Wisconsin, 
Madison, Wis. 


*UBAGHS, GEORGES J. C., Universite, Institute 
de Paleontologie, 7 Place du Vingt Aout, 
Liege, Belgium 

*Ucuup!, ELAZAR, 56 Perry St., New York, N. Y. 

UNKLESBAY, ATHEL G., Univ. of Missouri, 
Columbia, Mo. 

Upson, M. E., Gulf Oil Corp., Box 1290, Fort 
Worth, Texas 


VaN ANDEL, TJEERD HENDRIK, Cia Shell de 
Venezuela, Apt. 19, Maracaibo, Venez., S. A. 

*VaN BAREN, F. A., Jekerstraat 92 I, Amster- 
dam-Z, Netherlands 

VAN HOUTEN, FRANKLYN B., Princeton Univ., 
Princeton, N. J. 

*VAN RAADSHOOVEN, BERTRAM, Shell Caribbean 
Petr. Co., Apt. 19, Maracaibo, Venez., S. A. 

*Van SANT, JAN F., 753 Miami Pass, Madison, 
Wis. 

*VaN STRAATEN, L. M. J. U., Geologisch Insti- 
tuut, Melkweg 1, Groningen, Netherlands 

VAN WEELDEN, ARIE, Carel van Bylandtlaan 30, 
The Hague, Netherlands 

Van WEsT, F., Shell Oil Co., Odessa, Texas 

VARVARO, GASPER Gus, Box 443, SLI Sta., 
Lafayette, La. 

*VaTAN, A., 60 Avenue d’lena, Paris 16e, France 

VERNON, ROGER C., Shell Oil Co., Box 1191, 
Tulsa, Okla. 

VoGLER, Epwarp A., Shell Oil Co., Midland 
Texas 

VONDERSCHMITT, Louts, Geol. Inst., Bernoullian- 
um, Basle, Switzerland 


WACKER, ROBERT WILLIAM, Arabian-American 
Oil Co., Box 1177, Dhahran, Saudi Arabia 

WapeE F. Aton, Texas Technological College, 
Lubbock, Texas 

— Cart D., 2259 S. Troost, Tulsa, 

kla. 

*Wacpo, A. W., 2030 N. Grange Ave., Stockton, 
Calif. 

WaLk, HuGu G., The Texas Co., Box 2332, 
Houston, Texas 

WALKER, Bruce H., Richmond Petr. Co. of 
Colombia, Apt. Aereo 3631, Bogota, Colom- 
bia, S. A. 

WALKER, THEODORE R., Univ. of Colorado, 
Boulder, Colo. 
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WALLACE, Maurice H., 929 East Side Blvd., 
Muskogee, Okla. : 

WALTER, JOE CHARLES, JR., 2506 Locke Lane, 
Houston, Texas 

WALTERS, RosBert F., 510 Orphemu Bldg., 
Wichita, Kan. 

*WALTON, WILLIAM R., 2507 North Blvd., 
Houston, Texas 

— _ Brooklyn College, Brooklyn, 


WaANLESS, Harovp R., Univ. of Illinois, Urbana, 


*WaARREN, ALBERT D., Magnolia Petr. Co., Box 
872, Lake Charles, La. 

WARREN, WALTER C., 401 Mabry St., Midland, 

exas 

WaRTHIN, A. S., JR., Vassar College, Pough- 
keepsie, N. Y. 

Waters, JAMES A., Sun Oil Co., Box 2880, 
Dallas, Texas 

*WeEaRT, RICHARD C., Sun Oil Co., Box 1678, 
Abilene, Texas 

WEAVER, CHARLES E., 280 S. Holliston Ave., 
Pasadena, Calif. 

*WEBER, ROLF, Conselho Nacional do Petroleo, 
Forte Tequitaia, Av. Frederico Pontes s/n, 
Salvador, Bahia, Brazil, S. A. 

WEEks, H. J., Sun Oil Co., 
Philadelphia, Pa. 

WEEKS, WARREN B., 1617 Hillcrest Dr., Bartles- 
ville, Okla. 

*WEGMANN, EUGENE, Fog de 
Neuchatel, Switzerland 
WEGMULLER, WALTER, Canadian Gulf Oil Co., 

Calgary, Alta., Canada 

WErIR, GorDON W., U. S. Geol. Survey, Box 360, 
Grand Junction, Colo. 

Weiss, Hans, Box 1346, Salt Lake City, Utah 

WEIsT, WILLIAM G., JR., 1085 Marine St., 
Boulder, Colo. 

*WELDER, FRANK A., Box 393—A, Boerne, Texas 

a J. Marvin, Univ. of Chicago, Chicago, 


1608 Walnut, 


lhopital 43, 


WENGERD, SHERMAN A., Univ. of New Mexico, 
Albuquerque, N. Mex. 

WEsER, Oscar E., 907 Sixteenth St., Santa 
Monica, Calif. 

West, GLEN D., Gulf Oil Corp., 5311 Kirby Dr., 
Houston, Texas 

WEsT, JESSE W., Box 73, Woodville, Miss. 

WESTHEIMER, JEROME Max, 815 Third Ave. S. 
W., Ardmore, Okla. 

WESTMORELAND, FRANK S., 2311 Dunstan Rd., 
Houston, Texas 

WeymoutTH, A. ALLEN, American Independent 


Oil Co., 111 Sutter St., San Francisco, 
Calif. 

*WEYNSCHENK, R., Nassaulaan 14, Doorn, 
Netherlands 


WHEELER, Harry E., Univ. of Washington, 
Seattle, Wash. 

WHELAN, THomas J., JR., 3757th Student Sq. 
(Off.), Box 858, Sheppard A.F.B., Wichita 
Falls, Texas 

WaHipp_Le, G. LEsLiE, 3742 Merrick, Houston, 
Texas 

ee MAYNARD P., Sedgewick, Queenstown, 
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WHITE, WILLIAM R., The Texas Co. 929 ¢ 
Broadway, Los Angeles, Calif. ; 
Whitney, F. L., 2715 Woolridge Dr., Austi 
Texas m, 
*WicK, WERNER, C/o Deutsch Vacuum Oj! C 
(20a), Celle, Germany " 
*WICKENDEN, Rosert T. D., Geological Survey 
of Canada, 4th Floor, Customs Bid, 
“ coon ag ong a ; 8 
VIGGINS, PETER N., , 1307 Magnoli 
Dallas, Texas a. 
WILDE, GARNER LEE, Box 1600, Midland, Tex 
Witey, Ricwarp A., Amerada Petr. ‘Corp 
Box 1036, Lafayette, La. i 
on BRADFORD, Lehigh Univ., Bethlehem 
‘a 





WituiaMs, Epwin Paice, Hudson's Bay Oil & 
Gas Co. Ltd., 534-A Eighth Ave, wy. | 


Calgary, Alta., Canada 

WiLtiaMs, GEORGE A., 1235 Kennedy Aye 
Grand Junction, Colo. i 

WILLIAMS, Haroitp L., R. R. 2, Box 45.3 
Midland, Texas 

Wituiams, Harry F., Standard Oil Co. of Tex 
Box 538, Dallas, Texas 

WILLIAMS, JAMES R., Standard Oil Co. of Texas. 
Box 538, Dallas, Texas 

*WILLIAMS, JAMES STEELE, U. S. Geol. Survey. 
Washington, D. C. i 

— GEORGE M., 505 W. Vermont, Urbana, 


Witson, JAMES LEE, Shell Devel. Co., 3737 
Bellaire Blvd., Houston, Texas 

Witson, LEONARD R., Univ. of Massachusetts, 
Amherst, Mass. 

WILSON, RuTH B., The Carter Oil Co., Ardmore, 
Okla. 

WILsoN, STARKEY 
Dallas, Texas 

*WIMBERLEY, C. STANLEY, Gulf Res. & Devel. 
Co., 2507 N. Blvd., Houston, Texas 

WIMBIsH, Forrest Epwin, Magnolia Petr. Co., 
Midland, Texas 

WINKLER, Hans, Sun Oil Co., Box 998, Roswell, 
N. Mex. 


A., 6217 Bryan Parkway, 


WINKLER, VirGiL D., Creole Petr. Corp., Apt. | 


889, Caracas, Venez., S. A. 

*WINTERBOTHAM, JOHN RUSSELL, III, 20 W. 
Burton PI. Chicago, Ill. 

WINTON, W. M., Texas Christian Univ., Fort 
Worth, Texas 

Wirz, A. E., T. P. D. Co. Ltd., Palo Seco, 
Trinidad, B. W. I. 


*WISNER, WILLIAM A., JR., Box 3, Crystal Beach, | 
Fla. 


*WisseMA, G. G., Standard Vacuum Petr. Mij. 
Expl. Dept., Sungei Gerong, Indonesia _ 

Wiss-er, S. G., Union Oil Co. of Calif., 617 W. 
Seventh St., Los Angeles, Calif. 

Wonror, Joun S., Canadian Gulf Oil Co., Box 
130, Calgary, Alta., Canada 

*WonG, JACKSON, Standard Oil Co. of Calif, 
Los Angeles, Calif. 

Wooprorp, A. O., 443 W. Tenth St., Claremont, 
Calif. 

Woops, RayMonp D., Humble Oil & Refg. Co., 
1065 Humble Bldg., Houston, Texas 
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WoopsIDE, PHILIP R., Creole Petr. Corp., Apt. 


839, Caracas, Venez., S. A. 
WorKMAN, Lewis E., 1127 
Calgary, Alta., Canada 


WozaB, DAVID H., 17222 Haas Ave., Gardena, 


Calif. 


WRATHER, W. E., 4710 Woodway Lane, Washing- 


ton, 4 
“eiGHT, J 
Scotland 


yexnE, KEITH A., c/o DeGolyer & MacNaugh- 


Prospect 


aMES, 212 Colinton Rd., Edinburgh, 


ton, 5625 Daniels Ave., Dallas, Texas 


Yo, JAMES WILLIAM, Jr., 728 W. Pensacola, 


Tallahassee, Fla. 


Ave., 


*YouNnG, Gorpon A., Mene Grande Oil Co., 
Apt. 709, Caracas, Venez., S. A. 

YounG, Ke 1TH P., Univ. of Texas, Austin, Texas 

*YounG, RoBeErt S., Div. of Geology, Box 3667, 
Charlottesville, Va. 

YOUNGQUIST, WALTER L., Univ. of Kansas, 
Lawrence, Kan. 


ZELLER, EpwarpD J., Univ. of Wsiconsin, Madi- 
son, Wis. 

*ZIMMERMAN, DONALD A., 418 Lexington Dr., 
Abilene, Texas 

*ZIMMERMANN, FRITz R., c/o Swissboring, B. P. 
286. Leopoldville, Congo Belge 

ZINGULA, RicHARD Paut, 355 E. Second St., 
Chico, Calif. 


LIST OF MEMBERS AND ASSOCIATES GEOGRAPHICALLY ARRANGED 


ALABAMA 
Mobile— 7 
Blackburn, W. C. 
Riggs, William A. 
Montgomery— 
Reade, Harold L., Jr. 


ARIZONA 


Holbrook— 

Repenning, Charles A. 
Tucson— 

Bryant, Donald L. 

Stewart, Grace Anne 
Wickenburg— 

Shannon, Ellen C. 


ARKANSAS 


Van Buren— 
Griley, H. L. 


CALIFORNIA 


Altadena— 
Adams, Bradford C. 
Herring, Lois Schulz 
Anaheim— 
Jones, Bradford C. 
Arcadia— 
Michelin, James 
Ruth, John W. 
Bakersfield— 
Almgren, Alvin A. 
Beck, R. Stanley 
Beckwith, Robert W. 
Bergen, Fred W. 
Berry, Keith D. 
Billman, Harold G. 
Binkley, William G. 
Carlson, Stanley A. 
Cary, Charles W. 
Decker, Jack Minrod 
Ferguson, Glenn C. 
Forrest, Lesh C. 
Hershey, Alan R. 
Hickernell, Robert L. 
Holcomb, Leroy D. 
Hopkins, Alfred A., Jr. 


UNITED STATES 


Hutcheson, R. B. 

Kerr, Albert Ritz 

Kleinpell, W. D. 

Laird, Robert F. 

Lamb, James L. 

Lavery, John P., Jr. 

Lewis, William J. 

Martin, Lois T. 

Stinemeyer, Edwin H., Jr. 
Berkeley— 

Addicott, Warren O. 

Durham, J. Wyatt 

Gilbert, Charles M. 

Taylor, Dwight W. 

Trask, Parker D. 
Beverly Hills— 

Cabeen, Robert P., III 
Chico— 

Zingula, Richard Paul 
Claremont— 

Smith, Patsy Beckstead 

Woodford, A. O. 
Compton— 

Fritz, Edward B. 
Encino— 

Campbell, David G. 
Fullerton— 

Stevenson, Robert Everett 
Gardena— 

Jones, Preston Douglas 

Wozab, David H. 
Glendale— 

Conrey, Bert L. 

Reed, Everett T. 
Goleta— 

Norris, Robert M. 
Hollywood— 

Corey, William Henry 
La Canada— 

Siegfus, Stanley S. 
La Jolla— 

Bramlette, M. N. 

Curray, Joseph Ross 

Frautschy, Jeffery D. 

Inman, Douglas L. 

Nasu, Noriyuki 


Parker, Frances L. 
Phleger, Fred B. 
Revelle, Roger 
Richards, Adrian F. 
Shepard, Francis P. 
Stewart, Harris B. 
Long Beach— 
Elliott, Wayne 
Hurley, Myrl W. 
Kuffel, George C. 
Long, Robert E. 
Pierce, Richard L. 
Reese, Jack E. 
Rothwell, W. Thomas, Jr. 
Sprotte, Edward C. 
Los Angeles— 
Arnal, Robert E. 
Bandy, Orville L. 
Chilingar, George V. 
Clements, Thomas 
Clute, Walker S. 
Easom, William O., Jr. 
Easton, William H. 
Emery, Kenneth O. 
Gorsline, Donn S. 
Goudkoff, Paul P. 
Grant, U. S., IV 
Hamill, James M. 
Higgins, James W. 
Hughes, Aden W. 
Jurin, Nicholas V. 
Laiming, Boris 
Loel, Wayne 
Mann, John F., Jr. 
Melnikoff, Tikhon P. 
Parker, Frank S. 
Pfeiffer, David H. 
Rankin, Wilbur D. 
Scott, Edward W. 
Simon, Louis J. 
Simonson, Russell R. 
Terry, Richard D. 
Trapesonian, Gasaros M. 
White, William R. 
Wissler, S. G. 
Wong, Jackson 
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Menlo Park— 
Hoover, Linn 
Israelsky, Merle C. 
Rau, Weldon W. 
Monterey— 
Thompson, Warren C. 

Oakland— 

Kleinpell, Robert M. 

Oildale— 

Classen, Willard J. 

Ojai— 

Armstrong, Ursel S. 

Orcutt— 

Crawford, Frank Douglas 

Pacific Palisades— 
Allison, Edwin C. 
Traxler, J. Douglas 

Palo Alto— 

Driver, Herschel L. 
Meyerhoff, Arthur A. 

Pasadena— 

Grady, John R. 
Lowenstam, Heinz A. 
Pray, Lloyd C. 
Stauffer, Clinton R. 
Weaver, Charles E. 

Puente— 

Fleming, Frederick A. 

Reseda— 

Koford, Kenneth H. 

Rolling Hills— 
Natland, M. L. 

Rosemead— 

Anderson, Howard T. 

Sacramento— 

Mills, John Howard 

Salinas— 

Kraetsch, Ralph B. 
Tarbet, Loyal A. 

San Diego— 
Buffington, Edwin C. 
Carsola, Alfred J. 
Hamilton, Edwin Lee 
Menard, Henry W., Jr. 
Moore, David G. 

San Franciso— 

Barbat, William F. 
Church, Clifford C. 
Doan, David B. 
Hanna, G. Dallas 
Mandra, York T. 
Weymouth, A. Allen 

Santa Monica— 

Weser, Oscar E. 

Stanford— 

Davis, Stanley N. 
Graham, Joseph J. 
Harrington, George L. 
Kelley, Frederic R. 
Kupper, Klaus 
Schenck, Hubert G. 
Thalmann, Hans E. 

Stockton— 

Waldo, A. W. 

Taft— 

Lindblom, Robert Grant 

Temple City— 

Gilbert, Orrin W. 


Hendrix, William Edwin 
Van Nuys— 

Slosson, James E. 
Ventura— 

Carson, Carlton M. 

Conniff, John J. 

Greenman, Norman N. 

Holzman, Johnston E. 

Skolnick, Herbert 

Smith, Bernice Young 

Sturz, Charles E. 
Whittier— 

Braislin, Dana B., Jr. 

Leith, Carlton J. 

Riccio, Joseph F. 
Wilmington— 

Marrall, Gerald E. 

Pujol, Theodore J. 


COLORADO 


Boulder— 
Chronic, John 
Thompson, Warren O. 
Toepelman, Walter C. 
Walker, Theodore R. 
Weist, William G. 
Colorado Springs— 
Scott, Kenneth E. 
Denver— 
Bass, N. Wood 
Beard, Donald C. 
Cobban, William A. 
Crowley, A. J. 
Downs, George R. 
Dunham, Robert J. 
Ellinwood, H. L. 
Gilluly, James 
Lee, A. Theodore 
MacLachlan, Marjorie E. 
McKee, Edwin D. 
Mielenz, Richard C. 
Rezak, Richard 
Rittenhouse, Gordon 
Shelton, John W. 
Teichert, Curt 
Durango— 
Bozanic, Dan N. 
Elias, Gregory K. 
Knight, Raymond L. 
Lauth, Robert E. 
Rothrock, David Paul 
Golden— 
Cathcart, James B. 
Hayes, John R. 
Johnson, J. Harlan 
LeRoy, Leslie W. 
Mateer, Warren D. 
Grand Junction— 
Cadigan, Robert A. 
Freeman, Val LeRoy 
Robeck, Raymond C. 
Travis, Richard 
Weir, Gordon W. 
Williams, George A. 
Lafayette— 
Moore, Fred E. 


CONNECTICUT 
East Haven— 
Pickett, C. Rodman 
Middletown— 
Lehmann, Elroy Pau! 
New Haven— 
Dunbar, Carl O. 


DistRIcT OF CoLumpi, 
Washington— 
Bassler, R. S. 
Bates, Charles C. 
Boardman, Richard S. 
Chappars, Michael S, 
Cohee, George V. 
Cooper, Chalmer L. 
Finley, Emmett A. 
Gardner, Julia 
Gordon, MacKenzie, Jr. 
Henbest, Lloyd G. 
Herbert, Paul, Jr. 
Loeblich, Alfred R., Jr. 
Manger, G. E. 
Nicol, David 
Rubey, William W. 
Schmidt, Ruth A. M. 
Sohl, Norman F. 
Sohn, I. G. 
Williams, James Steele 
Wrather, W. E. 


FLORIDA 


Coral Gables— 
Olsson, A. A. 
Crystal Beach— 
Wisner, William A. 
Daytona Beach— 
Leutz, Willard P. 
Fort Myers— 
Campbell, Robert B. 
Orlando— 
Twenhofel, W. H. 
Sarasota— 
Knight, J. Brookes 
Tallahassee— 
Caldwell, Eleanor T. 
Jordan, Louise 
Lund, Ernest H. 
Puri, Harbans 
Tanner, William F. 
Toulmin, Layman D. 
Yon, James William, Jr. 


GEORGIA 


Atlanta— 
Allen, Arthur T., Jr. 


ILLINOIS 

Aurora— 

Bettinger, Charles E. 
Carbondale— 

DuBar, Jules R. 
Champaign— 

Brophy, John Allen 
Cherry— 

Kraye, Robert Frank 
Chicago— 

Cooley, Douglas R. 

Eisenberg, Marvin 
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Emiliani, Cesare 
Kahn, J. Steven 
Krinsley, David H. 
Otto, George H. 
Sangree, John B.., Jr. 
Thomas, Norman i. 
Weller, J. Marvin 
Winterbotham, John R., III 
fingham— 
Deeeol, Hubert M. 
Elsah— ; 
Robertson, Percival 
Evanston— 
Dapples, Edward C. 
Krumbein, William C. 
Sloss, Laurence L. 
Mattoon— 
Henton, John M., Jr. 
Pierson, J. R., Jr. 
Mt. Vernon— 
Brehm, Clarence E. 


Olney— 
Hamblin, Ralph H. 
Nuttall, Brandon 


Oswego— 
Bokman, John 
Paxton— 
Peterson, John E. 
Salem— 
Allison, James M. 
Hockman, James N. 
Urbana— 
Frye, John C. 
Grim, Ralph E. 
Hopkins, M. E. 
Hough, Jack Luin 
Johnson, Robert B. 
Rhodes, Frank H. T. 
Schultz, Hildreth N. 
Scott, Harold W. 
Siever, Raymond 
Wanless, Harold R. 
Wilson, George M. 


INDIANA 

Bloomington— 

Brookley, Arthur C. 

Galloway, J. J. 

Gray, Henry H. 

Hattin, Donald E. 

McGregor, Duncan J. 

Murray, Haydn H. 

St. Jean, Joseph, Jr. 
Notre Dame— 

Gutschick, Raymond C. 


Iowa 

Ames— 

Hussey, Keith M. 
Brandon— 

Stainbrook, Merrill A. 
lowa City— 

Furnish, William M. 

Miller, A. K. 

Tester, Allen C. 


KANSAS 
Independence— 


Studt, Charles W. 
Kansas City— 
Bunch, Rosella L. 
Hawkins, Harold H. 
Lawrence— 
Dellwig, Louis Field 
Fay, Robert O. 
Ireland, Hubert A. 
King, Ralph H. 
Merriam, Daniel Francis 
Moore, Raymond C. 
Phillips, Scott H. 
Richards, H. Glenn 
Swineford, Ada 
Thompson, M. L. 
Youngquist, Walter L. 
Wichita— 
Batchelor, Jo Wolter 
Carmody, Robert A. 
Koester, Edward A. 
Rector, Glasco W. 
Walters, Robert F. 


KENTUCKY 


Hopkinsville— 
Nosow, Edmund 

Lexington— 
Jacobsen, Lynn 


LOUISIANA 


Baton Rouge— 
Brockhouse, Robert B. 
Brown, Dwight M., Jr. 
Camacho, Enrique 
Cheetham, Alan H. 
Gimbrede, Louis de A. 
Howe, Henry V. 
Murray, Grover E. 
Treadwell, Robert C. 

Harvey— 

Smith, Denver J. 

Lafayette— 

Anderson, Irvin J. 
Varvaro, Gasper Gus 
Wiley, Richard A. 

Lake Charles— 
Chatham, E. Walter, Jr. 
Latta, Lee Allen 
Morrow, A. Lyndon 
Munsey, Gordon C., Jr. 
Tabbert, R. L. 

Taylor, Jack A. 
Tipsword, Howard Lee 
Warren, Albert D. 

New Orleans— 

Akers, Wilburn H. 
Braunstein, Jules 


Cameron, Donald K., Jr. 


Clark, Robey H. 
Everett, Robert W., Jr. 
Forman, McLain J. 
Martin, James L., Jr. 
Morgan, Aylmer Lee, III 
Philpott, Thomas H. 
Slama, Don C. 
Shreveport— 
Craver, Frank S., Jr. 
Hazzard, Roy T. 


Moody, Clarence L. 
Sprouse, Donald W. 
Stone, Solon W. 


MAINE 


Orono— 
Trefethen, Joseph M. 


MARYLAND 


Baltimore— 

Fairley, William M. 

Pettijohn, F. J. 
Beltsville— 

Carroll, Dorothy 

Hathaway, John C. 
Bethesda— 

Stephenson, Lloyd W. 
Chevy Chase— 

Ladd, Harry S. 
Hyattsville— 

Reeside, John B., Jr. 
Kensington— 

Dante, John Henry 
Queenstown— 

White, Maynard P. 
Rockville— 

McIntyre, John B. 
Suitland— 

Berninghausen, William H 


MASSACHUSETTS 


Amherst— 

Johansson, W. I. 

Light, Mitchell A. 

Sage, Nathaniel M., Jr. 

Wilson, Leonard R. 
Boston— 

Hecht, Richard J. 
Cambridge— 

Barghoorn, Elso 

Kummel, Bernhard 

Mencher, Ely 

Moore, James Robert, IIT 

Shrock, Robert R. 

Stetson, Henry C. 
Natick— 

Hubert, John F. 
Northampton— 

Shaub, Benjamin M. 
Williamstown— 

Ramsdell, Robert C. 
Woods Hole— 

Athearn, William Dean 


MICHIGAN 


Ann Arbor— 
Briggs, Louis I. 
Kellum, Lewis B. 
Stoever, Edward C., Jr. 
Detroit— 
Sanford, John T. 
East Landing— 
Kelly, William A. 


MINNESOTA 


Minneapolis— 
Goldich, Samuel S. 
Kraft, John Christian 
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Sloan, Robert Evan 

Swain, Fred M. 
Northfield— 

Stewart, Duncan 


MISSISSIPPI 


Jackson— 
Adams, Emmett R. 
Applin, Esther R. 
Brown, Charles E. 
Coley, Tyrol B. 
Johnson, Wendell B. 
Karges, Harold E. 
Kirby, Louie C. 
Mather, Katharine 
Rainwater, E. H. 
Scurlock, Clarence Ray 
Laurel— 
Hughes, Urban B. 
State College— 
Smith, William H. 
University— 
Hughes, R. J., Jr. 
Shaver, Robert H. 
Woodville— 
West, Jesse W. 


MIssouRI 

Columbia— 

Bradley, Daniel A. 

Keller, W. D. 

Peck, Raymond E. 

Unklesbay, Athel G. 
Ferguson— 

Echols, Dorothy Jung 
Kansas City— 

Greene, Frank C. 
Rolla— 

Frizzell, Don L. 

Higgs, William R. 
St. Louis— 

Brice, James Coble 

Hinchey, Norman S. 
West Plains— 

Cullison, James S. 


MONTANA 

Billings— 

Beekly, Emerson K. 

Darrow, George F. 

Doroshenko, Jerry 

Munyan, Arthur C. 

Richards, Paul W. 

Shepard, Herbert W. 

Sonnenberg, Frank P. 

Stainforth, Robert M. 
Bonner— 

Campbell, Charles V. 
Great Falls— 

Gribi, Edward A., Jr., 
Miles City— 

O'Mara, Jarvis Hugh 


NEBRASKA 


Lincoln— 
Elias, Maxim K. 
Lugn, Alvin L. 
Reed, Eugene C. 


NEW HAMPSHIRE 


Franconia— 
Shepps, Vincent C. 
NEw JERSEY 
New Brunswick— 
Edsall, Thomas D., III 
Fox, Steven K., Jr. 
Martens, James H. C. 
Princeton— 
Hess, Harry H. 
Howell, B. F. 


Van Houten, Franklyn B. 


NEw MeExIco 


Albuquerque— 
Hayes, Philip T. 
Thorp, Eldon M. 
Wengerd, Sherman A. 
Carlsbad— 
Pratt, Wallace E. 
Jal— 
Taylor, Warren L. 
Roswell— 
Ehlmann, Arthur J. 
McNulty, Charles L., Jr. 
Meyer, Richard F. 
Newsom, Y. B. 
Thompson, Sam, Jr. 
Winkler, Hans 
Socorro— 
Pitrat, Charles W. 


NEw YorK 

Brooklyn— 

Wang, Kia-Kang 
Buffalo— 

Hibbard, Raymond R. 
Ithaca— 

Palmer, Katherine V. W. 
Mamaroneck— 

Dresser, Hugh 
New York— 

Cruse, John S., Jr. 

Deitz, Robert S. 

Ellis, Brooks Fleming 

Flagler, C. W. 

bean, 5. F- D., Ir. 

Imbrie, John 

Jaekel, Julie Anne 

James, John W. 

Kaufmann, Godfrey F. 

Kay, Marshall 

King, Robert Evans 

Knebel, George M. 

Messina, Angelina R. 

Newell, Norman D. 

Page, Lou Williams 

Pyre, Augustin 

Slavador, y Diaz Amos 

Sander, Nestor John 

Schaffel, Simon 

Uchupi, Elazar 
Pittsford— 

Alling, Harold L. 
Poughkeepsie— 

Johnsen, John H. 

Warthin, A. S., Jr. 


Syracuse— 

Apfel, Earl T. 
Troy— 

Beers, Roland F. 

Lowman, Shepard W. 
Williston— 

Cochran, John A. 


NortH CAROLINA 
Chapel Hill— 
Ingram, Roy L. 


Nortu Dakota 

Bismarck— 

Harris, Steven H. 
Grand Forks— 

Holland, Frank D., Jr. 
Fargo— 

Pye, Willard D. 

Tasch, Paul 


OHIO 

Athens— 

Sturgeon, Myron T. 
Cincinnati— 

Abbott, Ralph E. 

Caster, Kenneth E. 
Columbus— 

Bowen, Charles H. 

Levinson, Alfred A. 

Schopf, James M. 

Spieker, Edmund M. 

Summerson, Charles H. 
Dayton— 

Coryell, Horace N. 
Findlay— 

Russell, R. Dana 
Lorain— 

Bebout, Don Gray 
Neffs— 

Lovejoy, Bill P. 
Oxford— 

Martin, Wayne D. 


OKLAHOMA 


Ardmore— 

Johnson, William R. 

Neustadt, Walter, Jr. 

Reiter, Frederick H. 

Speer, John Hill 

Tomlinson, Charles W. 

Westheimer, Jerome Max 

Wilson, Ruth B. 
Bartlesville— 

Hicks, I. Curtis 

Passega, Renato 

Strimple, H. L. 

Weeks, Warren B. 
Chickasha— 

Bryan, J. Victor 
Duncan— 

Putman, Darrell M. 
Durant— 

Gehrig, John L. 
Enid— 

Baker, Vernon R. 
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Clifton, R. L. 
Muir, J. Lawrence 
k . 

a Maurice H. 

* e k— 
on Jack Gardner 
Pn et 
lm, Carl C. 

Culp, Eugene y. 

Curtis, Doris Malkin 


Curtis, Neville Mackay, Jr. 


Decker, Charles E. 
Frederickson, Edward A. 
Harris, Reginald W. 
Huffman, George G. 
Lucas, Elmer Lawrence 
Moore, Carl A. 

Oklahoma City— 
Blythe, Jack G. ; 
Douglass, Harry Marvin 
Eisner, Stephan M. 
Isbell, Grover Jim 
Kate, Frederick H. 
McGee, Dean A. 
Pasquella, George G. 
Pollard, Robert T. 
Tubb, George G. 
Turk, Lon B. 

Shawnee— 
Phillips, David L. 

Tulsa— 
Bennison, Allan P. 
Bramlette, W. A. 
Branson, Herberta V. P. 
Connolly, Frank T. 
Denison, A Rodger 
Ellsworth, Elmer W. 
Emery, John Rathbone 
Enlows, Harold E. 
Goldstein, August, Jr. 
Grigsby, R. B. 
Harlton, Bruce H. 
Hawkins, Glenn D. 
Hoffmeister, William S. 
Kauffman, James S. 


Kjellesvig-Waering, Erik N. 


Kornfeld, Joseph A. 
Levorsen, A. I. 
Porterfield, Robert R. 
Reeves, James E. 
Rhoades, Sam J., Jr. 
Ryniker, Charles 
Scruton, Philip C. 
Snider, James W. 
Steele, Grant 

Vernon, Roger C. 
Wagner, Carl D. 


OREGON 

Corvallis— 

Bostwick, David A. 
Eugene— 

Baldwin, Ewart M. 

Bressler, Calder T. 

Dott, R. H., Jr. 
Portland— 

Stewart, Roscoe Emerson 


PENNSYLVANIA 

Bethlehem— 

Willard, Bradford 
Bird-in-Hand— 

Moss, John Hall 
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Morris, William J. 
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Green, Cecil H. 

Grubbs, David M. 
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Nelson, Lloyd A. 
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Malicoat, Arthur F. 
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Perusek, Cyril J. 
Petty, John K. 
Rindsig, Julia K. 
Schmitt, George T., 
Scobey, Ellis H. 
Skinner, John W. 
Spencer, Maria 
Stead, Frederick L. 
Taylor, Howard Dean 
Terry, Jack S. 
Toomey, Donald F. 
Vogler, Edward A. 
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Greensmith, John T. 








326 SOCIETY RECORDS AND ACTIVITIES 


FORMOSA 
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Teheran— 
Furrer, Max Adolph 
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Pisa— 

Trevisan, Livio 
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Arellano, A. R. V. 


DeCserna, Gloria Alencaster 


Folk, Stewart H. 
Guzman, Eduardo J. 


NETHERLANDS 
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Neuchatel— 
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Gomez, Jose Royo y 
Hadley, Wade H., Jr. 
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